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THFVMICROBIOJL.OGY OF THE UPPER AIR^ 

Fked T. Wolf 

A most iiiiportMiit (lov(‘loj)meiit in the study of mi(*rooi*jianisms 0 (‘(Mirriiifr 
in the up])er air is marked by the work of Stakman et al. (1928), who were 
tlie first to make use of the air])laiie for mierohiolojiii'al work, in (‘olieetin^* 
fim<»‘us sj)ores from altitudes of *as mueh as lh,5()() feel. Soon afterward, 
Mis(‘hustiu (192(i) isolated numerous haeteria upon plates of nutrient media 
exposed from airplanes above the (dty of Moseow. Although batderia, fungus 

s] )ores, and j)ollen ^r*ains eom])os<‘ by far the fireatei* ])ortion of the aerial 
flora, tJie finding* of a(dinomy(‘etes, yeasts, al^ae, and moss spores (van 
OvercMun, 1936) at (‘onsiderable altitudes has resulted in tJie establishment 
of aerobiology as a fertdi* fi(‘l(l of mierobiolojiieal researeh. 

The apjiaratus and t(*ehniqu(‘s (unployed in eolleetin^* and studying: 
orj^anisms from tin* air have het'essarily been divei'se. (Hass slides eoated 
with vaseline or ”ly('ei‘in(* jelly and examined miei'oseopii'ally, or Petri 
dislies (‘ontainiii”’ nutrient media for eultural studies have b(‘en us(‘d by 
many investigators. Amon^ tin* more elaborate a])plian<*es that liave been 
devised may be mentioin‘d the ingenious ajiparatus for use with balloons, 
developed by (9iatt(*rjee (P131), tin* ''sky hook” of Meii*r and Lindber^’h 
(1935), the j)araehute ap])aratus of Rogers and Mei(‘r (]93()) for eolleetin^ 
bacteria from the stratos])here, the a])])aratus of van Ov(*r(‘em (193()), and 
tJie bioa(*ro('olle(dor of Proctor and Pai*ker (1938). Tlie various types of 

aj) i)ai-atus, tin* te(‘hni(]U(*s of usin<> them, and the evaluation of data obtained 
by tlieii' use Jiave been dis(‘ussed in r(*('ent arti(‘l(*s on aerobiolojiical metliods 
by Durham (1941) and the Committee on Apjiaratus in Aerobiology (P)41). 

Tin* i-esults of efforts to ('olb*ct microorganisms from air ovei- the oi'can 
remote from land (Bisby 1935; Meier 1936a; Meier and Lindbergh 1935; 
Kittenber^’ 1939; Durham 1941) show that orjianisms in the air can be trans¬ 
ported for lonj*' distances. Durham (1938a) has desc'ribed a movement of air 
masses in whi(4i Allcrtuirui s})ores, ori^inatinj*- in Minm*sota, were carried 
to tJie Atlantic and (lulf <‘oasts in about fifty-five hours, and in wliicdi 
^Mhousands of tons of mold spores were transported an average distaiu'c of 
several liundred miles.” 

The pi'actical im])oi*tance of aerohiolo^ical investif^ations is w(*ll illus- 
ti’ated in the field of ])Jant jiatliolo^y by studies of spore dissemination in 
the (*ereal rusts made by Stakman et al. (1923), Crai^ie and Popp (1928). 

1 Paper j)iH*seiit(‘d Ix^fon* the Association of Southeastern Biologists in Miami, Flor¬ 
ida, on April 17, 1942. 

! 1 

[Thk Bclletin foi' l)ee(*ml)(‘r (69: 027—711) was issued llecemhei 2, 1942] 
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PetursoB (1931), find Hubert (1932). The iiieidenee of air-borne fun"us 
s]>ores in relation to human allerj*:y has been extensively studied by Dui*ham 
(1937, 1938a) and others, wliile studies on air-borne pollen ^Tains in rela¬ 
tion to aller<»'ie eonditions in man are so numerous as to be entirely beyond 
the seope of this brief review. 

Just how far above the siirfaee of the earth livin^r orj.»:anisms exist is still 
an unanswtu'ed f|nest ion. Stakman et al. (1923) and Meier, Stevenson, and 
(Jiarles (1933) rejiort a deeided deerease in the number of mic^roorji’anisms 
above 8,000-11,000 feet. Walker (1935) failed to find baeteria above an alti¬ 
tude of 19,000 feet. Ou the other hand Proetor (1934) reported that baeteria 
and fungus s])ores were obtained at the jrreatest altitudes studied by }iim, 
namely, at 20,000 feet. Stevens (1936) and Rogers and Meier (1936) re¬ 
ported the isolation of baeteria and funfius sj)ores from the stratosjihere at 
altitudes in exeess of 36,000 feet. 

in order to remain viable at hifili altitudes, orjranisms must be hi^dily 
resistant to fluetuations in temperature, atmospherie jn-essure, and humidity, 
and to exposure to larj»e amounts of ultraviolet radiation (Proetor 1934; 
Meier 1936b; Jac'obs 1939). In sjfite of these environmental ffudors unfavor¬ 
able for mieroorpUHsms, a surprisinjily lar‘»:e number of forms have been 
found to oeeiir at ('onsiderable altitudes. The baeterial flora of the air has 
been iiivestijiated by Misehustin (1926), Proetor (1934, 1935), Walker 
(1935), Uoj^ers and Meier (1936), Proetor and Parker (1938), and Ritten- 
ber^ (1939). Forty-nine s])eeies of ei}»ht f^enera, ineludinji* s])ore-forniinp: 
rods, non-spore-forniinj^ rods, and eoeei have been identified by Proetor et 
al. The fuu»us flora of the air is even more diverse, and representatives of 
some forty ‘•enera, ehiefly Fun<»'i Imperfeeti, but also ineludinj*- rusts, smuts, 
aseomye(*tes, and Mueorales, have been found at altitudes of sever^al thousand 
feet (Brown 1930; Meier, Stevenson and (Jiarles 1933; Proetor 1934, 1935; 
Meier and T/uidber<,di 1!)35; MaeQuiddy 1935; Durham 1937, 1938; Tasiij^i 
and Kurosawa 1938; Rittenberji: 1939). 

MATERIALS AND METHODS 

The present studies were luubu’taken in order to determine the kinds of * 
mieroor^anisms present at various altitudes in the air over Nashville, Ten¬ 
nessee, to obtain quantitative data as to relative prevalenee of the various 
kinds, and to attempt to eorrelate these data with existinji* weather eondi¬ 
tions. ^ix flights were made from Berry Field, Nashville, during* the months 
of October, November, and December, 1941, and January and P't^bruary, 
1942. 

No exposures were made at altitudes of less than 1,000 feet, in order to 
rule out the leather lar<»'e amount of contamination from the surface of the 
earth experienced below this level. Tlie first three flights, on October 19, 
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Ot'tober 26, and November 9 were made at eomparatively Jow altitudes of 
1,()()()-2,000 feet, and wcu'e of a preliminary nature, devoted to beeominf»' 
familiar with the mani])nlati()n of a])paratus, to determinin<»‘ j)roper times 
of exposure, and to jiainiji^’ some indieation of types of organisms to be 
found. On Dec'ember 6, platens were exposed at intervals of 1,000 feet of alti¬ 
tude (on both the aseent and descent) up to a maximum of 10,600 feet. Simi¬ 
lar exposures, at lesser intervals of altitude, U]) to maxima of 6,000 feet and 
3,500 feet were made on January 25 and PVbruary 22, respectively. 

The 1eehni(iue employed consisted in exposinji: Petri dishes ('ontainiii”* 
ordinary nuti*ient ajiar (beef extract, 3 j»’m.; Hactoi)ept()ne, 5 jiin.; ajiar, 15 
<»iu.; distilled water, to make 1,000 cc.). In order to <iuard against contami¬ 
nation, and also to lessen the condensation of moisture durinji* the sudden 
(M)olin^* incident to exposure, the ])lates were poured two days ])rior to use. 
The dishes were ke])t firmly clos(‘d, ex(*e))t diirinj** exposure, by In^avy rubber 
bands. Exposures were made, <»ejierally for a thirty-se(‘ond ])eriod, by ex- 
t(‘ndiii^* tlie dish at arm’s length from tlie (‘abin window, removmji* the to]) 
and repla(dn<i‘ it by hand. 

Althoiijih the ])lates v(*r(‘ ex])osed in the disturbed air in the w^ake of the 
propeller, it has been demonstrated by Meier and Lindberji:}! (1935) that the 
rush of air during' th(‘ early stajics of flight thoroughly removes dust par- 
ti(‘I('s from the surfac'cs of the ])lane, so that contamination from this source 
Jiiust b<* I’e^arded as uidikely. This comdiision is su])])orted by th(‘ occasional 
oc(‘urr(Mi('e of a st(‘rih* Peti'i dish, following an (‘xposure of thii'ty se(‘onds 
to the air stream, as well as by the data conc(*rnin^’ the decrease in orjian- 
is]iisat imu-easiji^'altitudes. A])proximately seventy-five ])lates were ex])osed 
in the ('onrse of this woi’k. Ad(*(piate controls were ])rovided b\' two plates, 
(‘arried aloim each flight, but unex])osed, in which no colonies developed 
after incubation. 

Eor ea(di fiii^lit, records of the jiTound dry-bulb tem])eu-ature, wet-bulb 
temperature (dew ])oint), relative humidity, wind direction, wind velocity, 
and cloud formations wej*e pi'ovided b^ the Weather Pureau. On the Decem¬ 
ber 6 flight to 10,600 feet, su|)plejiientary readinjis of the air temperature 
at various altitudes were obtained from a thermometer mounted on the wiim* 
strut. For each plate exi)osed, nvords of the altitude, the length of th(‘ 
exposure (usually thirty seconds), and the air s])eed of the ])lane were taken. 
From this information, the area of tlie surface of the Petri dish (^xposed, 
and the counts of colonies which developed upon imuibation of the plates, 
(piantitative data as to the number of or«»‘anisms present p(u* (uibic foot of 
air at tlm various altitudes we?‘e secured. 

Th(‘ plates were imuibated at room temperature for seventy-two hours, 
at which time couuts w(‘re mad(‘ of the number of bacterial and fungus colo¬ 
nies. Yeasts and actinomycetes were ijieluded with the bacteria in these 
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ooiiiits. Fi’oin each mac'roscopically distinct ty])e of coJony developing on 
ea(*h plate, transfers were made to slants of nutrient agar, and the resulting 
cultures were used in identification of the various organisms collected. 

BACTERIA 

Jh’ovious investigations, including those of Mischustin (1926), Walker 
(1985), Proctor (1934, 1935), Jiogers and Meier (1936), Proctor and Parker 
(1938) and Rittenherg (1939), have disclosed that in the upper air bacteria 
are far more numerous than fungus spores or other organisms, (^ounts of 
bacterial coloiiii^s were made on all the plates exposed, and a limited number 
of them, iiu'lnding the ])lates exposed at the 6,()00-l(),6()0 ft. levels on Decern-' 
her 6, 4,()00-6,()()0 ft. on January 25, and 2,000-3,500 ft. on February 22 
were selecded for detailed taxonomic studies. 

From these })lates, sixty-one isolates, represejjting twenty-nine distimd 
species, were identified according to the characteristics given in the fifth 

TABLE 1 

liactma fouiid fn fhr upper air 

The figures iiidieate the nuiiil)er of isolates of each speeies wliieli wi‘re idcuitifieil 


Dee. 

(i 


Jan. 


F<‘h. 

oo 


Total 


Avhrainobaeter cusiniovonnu Barber and Burrows 0 

Avhromahacter (futtaluui (Ziunrieiiiiaiiu) B(*rgey 0 

Achromobavter hquidum (Fraiiklaiid and Franklaiid) Berger 0 

Jiacili'us adhaerrtis Laul)aeli 0 

JiaciUus a<iri Tiaubac-h and Riee 0 

JiacdluH cen iiu Fraiikland and Fraiiklaiid 1 

JiacilUis f iisiformis Gottheil 0 

JianHu.s UK (pilhrnum DeHary 2 

liaciUu.s nieseulericus 'rrevisan 0 

Baedluft utifcoidrs FUigge 0 

Jtacdlus subtdift Colin 0 

Bacillus uhiruiiarius Soriano 0 

Flavohacfenuni devnraus (Ziniujerinann) Bergey 2 

Flavobarteriiini fttscum (Ziinuiermann) Bergey 0 

Flavohacierium lacunatinn (Wright) Bergey b 

Flavoba(derium sulfureuui Bergey 0 

Microcacrus aiirantiaciis (Sehrbter) Cohn 0 

Micrococcus candicaiis Flugge 1 

Micrococctis co7if/lotnrrati(s Migula I 

Micrococcus corallinus (Mntarii 0 

Micrococcus flavus Lchmnmi and Neumann 0 

Micrococcus frcudcnreicfiii Giiillebean 4 

Micrococcus lutcus (Sehrbter) Cohn 0 

Micrococcus perflavus Berg(*y 0 

Micrococcus rosace us Fraiikland and Frankland 1 

Micrococcus subcifreus Migula 1 

Pseudomonas striata (^lester 0 

Sarciua flava DeBary 2 

Serratia plifmouthcfisis (Migula) Bergey 1 


1 

1 

(I 

1 
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1 

4 
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1 

0 

0 


0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 


0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

;i 

1 

1 

0 

0 

0 

0 
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1 

I 

o 

•4 

a 

1 

4 

4 

I 

•) 

1 

1 

1 
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1 
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edition of Berg:oy’s Munual of Dvterminaiivc Bacteriology. The speeies 
found, and the number of eiiltiires of each which were identified, is ])re- 
seiited in table 1. 

Spore-forminji' rods, of tlie ^eiius BaeilJns, (‘omprise 37.7 ])er cent of tlie 
cultures, wliile 24.6 per (*ent are non-spore-formin<r rods, and 37.7 per (*ent 
are cocci. A comparison may be made with the figures 52.2 per cent, 20.0 
per cent and 27.8 jier cent res])ectively, cited by Procdor (1034), showinf>' 
that fewer si)ore-foriners and more cocci occurred amonji* tlie ])resent 
collections. 

All of the spore-forininj»‘ rods collected jiroved to be (Irain positive. Like¬ 
wise all of the coc(‘i (with the ex<*eplion of two (Irani variable organisms) 
were Gram-yiositive. Both (Tram-nejiative and Gram-])ositive non-sj)ore- 
fonninji* rods were obtained, however, the former <>roup beinii* the more 
numerous. 

It is of more than passin<i‘ interest to compare the ])resent list i)f bai'teria 
with the forty-nim* sfiecies ('ollected by Proctor (1034, 1035) and Proctor 
and Parker (1038). Eleven s]>e(*ies; namely. Barillas cere as, B. niegafheriani, 
B. niesenfericas, B. aiycoides, B sahtilis. Micrococcus Candidas, M. coral- 
linas, M. conglomerafas, M. floras, M. pcrflavas, and Sarcina fiava are to be 
found in both lists. Tin* similariti(*s Ixdween the two studies are, however, 
f>'reater than is shown by th(» mimb(‘r of identic'al species. l^ro(*tor et al. list 
three species of Flavobaeieriam and seven sj)ecies of Achroinobaclcr. The 
j)r(‘sent list iiK'ludes four s])e(‘ies of Flavobactcriam and three of Aclironio- 
bacicr, but no sinjzle s])(‘(*i(*s is common to both lists. Proctor found only two 
genera not isolated at Nashville, namely Karlina and Kfaphylococcas, and 
the ])r(*s(‘nt list has only two «»enera, Pseadomonas and I^errafia, not found 
by him. If one makes allowance for the Tact that the same oen(*ra may be 
j*e])iTS(*n1ed by different speiues. and that many of Pro(*tor’s (Miltures were 
isolatt'd from altitudes ^reatc'r than those studied by us, the accordance 
between the two lists is v(M-y ('lose*. 

^riie findings ot Pnx'tor (11134) and Bittenber^- (111311) that aerial bac¬ 
teria general 1\’ ai*e of ty])es commonly I'ound in soil or wat(‘r, that they are 
in ‘i(‘neral unable to ferment the common suj>ars with formation of »’as, and 
that they are chara('tei*isti(‘ally unable to produce indol is borne out by our 
studies. 

FUNGI 

One hundred and twenty isolates, obtained at different altitudes on the 
various flights, were identified to ‘renus. Exce])t in a few genera, identifica¬ 
tion to s])ecies was difficult or impossible, because of la(‘k of adequat(‘ keys 
and of ty])e cultures for ])urposes of comparison. The cultures included 
re])resentatives of one <»enus of P}iycomy<*etes, one of Ascomy(‘etes, and 
fourteen genera of the Fun^i Tmperrecti. Amon<»' the latter, most of the 
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isolates belonged to the families Moniliaeeae and Dematiaeeae of the Moni- 
liales, the two families being about equally well represented. One genus 
of the Tuberenlariaceae and one of the Pliomales were also eueountered. 
The various genera, next to be discussed separately, with the number of 
cultures studied from the various flights, are listed in table 2. 

Mucoh. Two cultures obtained at low altitudes on February 22 were 
examined by Dr. Victor M. Cutter, Jr., wdio found that they belong to the 
section Mivvomucor, and are closidy related to Mucor ranianianns. Chlam- 
ydospores and sporangia, but not zygos])ores, are produced in culture. 
Species of Mucor and Khizopus have been previously obtained from the 
u])per air by Kogers and Meier (1936) and Tasugi and Kurosawa (1938). 

CiiAETOMiUM. Two (‘ultures, isolated on Dec'cmber 6 at altitudes of 1,000 
and 3,000 feet, were identified as (\ murovum Corda. The characteristic 
setasely appendaged ])erithecia, containing eight-spored asci, are ])rodiiced 
abundantly in culture. This genus has previously been found in tlie aerial 
flora by Meuer, Stevenson and (9iarles (1933). 

AdiADiUM. A single culture, obtained from a plate exposed at 8,000 feet 
on December 6, was identified as a member of this genus. The conidia are 
hyaline, globose to ellipsoid, with smooth walls, and are borne in a ])leurog- 
enous fashion on siinide (*onidio])hores. 

Asperoillus. Two species of Aspergillus were isolated. On January 25, 
at an altitude of 3,€500 feet, cultures were obtained of a bla(‘k-spor(‘d species 
of the .^1. a/f/cr-groui), with minutely spinulose conidia and sterigmata in a 
single series. This isolate corresjumds with the description of A. luchuensis, 

A. ierreus was (‘ollected twice, at 5,800 feet on January 25, and again on 
February 22 at 3,500 feet. It is characterized by yellowish brown conidial 
heads, bearing both primary and secondary sterigmata. 

Cepualothecium. Two similar strains of Cv}>halofhecn{m were encoun¬ 
tered on January 25 and February 22, both at an altitude of 1,500 f(*et. The 
mycelium in culture has a fluffy a])pearance, and bears capitately groups of 
two-(‘elled pinkish conidia. The occurrence of this genus iji the u])per air 
has been reported by Stakmaii et al. (1923). 

OospORA. A single isolate referable to this genus was coIle(‘ted from the 
2,200 foot level on February 22. 

pENKTLLruM. Tlic oiily species of Pevtcilliun} to ai)pear in the present' 
collections was an unidentified form of the group Asyrninetrica, obtained 
on Jajiuary 25 at an altitude of 2,500 feet. 

KS(m*ULARioi*sis. At an altitude of 1,600 feet on Octolxn* 26, a single cul¬ 
ture of Scopulari()j)sis brevicaulis (Sacc.) Bain, wtis obtained. Identification 
was made by Dr. D. H. Linder. This specie's, sometimes placed in the genus 
Peiiicillium, produces emnidia of a cinnamon brown color, with wartod w'alls. 
It is known to cause infections of the toe-nails and finger-nails in man, and 



I94;i] 


WOLF: MICROBIOLOGY OF AIR 


7 


is perhay^s even better known because of its pliysiolo»i(*al pro])erty of break¬ 
ing* down arsenic coinponnds to liberate arsine. 

Ykrticillium. Six closely similar isolates of Ycriicdlmm were collected 
on Octob(‘r 19, October 26, November 9, and December 6 at altitudes of 
1,000-1,500 feet. The mycelium beai-s numerous lateral wborlcd conidio- 
phores, eacli of which bears a sinyrle e]li])soid conidium at its tiy^. The conidia 
sejiarate so readily from the ti})s of the conidiophores that it is difficult to 
find a mature one attached in micros('opic prey^jarations. From the (‘vidence 
at hand, it appears probable that VerfiaUiuni is almost always present in 
small (|uantitles in the air over Nashville. 

Alternaria. Twenty-seven isolates of Altcrnaria were studied during* the 
course of this work. This ^enus was collected on all fiiyihts except one. Of 
twenty-oiu' jilates exposed on December 6, Alfernarui was found upon eiyrht, 
one of which was exi)osed at an altitude of 7,000 feet. It ap])ears, therefore, 
that Alternaria s])or(*s are commonly present in the air in rather ]ar}.»‘(‘ (plan- 
titles. This finding* confirms the ex])erienee of Stakman et al. (1923), Mei(*r, 
Stevenson and (diaries (1933), Durham (1937, 1938, 1941), and Tasu^i and 
Kurosawa (lf)38). 

BRAcuiYsnoRiCM. This «»enns, characterized by two-four celled, dark 
brown or black phra^inosporous conidia, was found only onci*, at an altitude 
of 1,000 feet on Novcnd)er 9. It has been reported from the air over Tokyo 
by Tasu^'i and Kurosawa (1938). 

nEL.MiNTn()siM)Rn'M. Ill tlic ex])erience of many others, iiK'ludin^* Stak- 
man et al. (1933), Meier, Stevenson and (Miarles (1933), Durham (1!)37), 
and Tasu^'i and Kui’osawa (1938), Hehiinifliasporniin is of ratlier common 
oc(*urrence in the air. Two collections on February 22, at an altitude of 
1,500 fe(*t, indi('ate that the brown, multicellular, elongate syion's charaider- 
jsti(* of this ^eiius do not a])])ear to be nearly so common near Nashville as 
elsewhere. 

lioRMODENDRUM. Tweiity-foiu* of the 120 cultures studied belong* to the 
fi'cniis llarniodendrain. It was isolatt*d on every fli;^iit with the ex»*eption of 
the one made on October 26. A culture from one of tlie earlier flights was 
id(‘ntifi(‘d by Dr. N. F. Oonant. Plates exposed on December 6 at altitudes 
of 10,000 and 10,600 feet ('ontained colonies of II arm od end rum but of no 
other funy»i. The lar^e number of isolates obtained, and the consistent col- 
lei'tion of this ^enus in most ot' the tli»»hts indi(*ates that Ilarmadendrum is 
constantly present in rather larjze amounts in tin* air. This vesnW confirms 
the findings of many other workers, including* Stakman et al. (1923), Miner, 
Stevenson and (fiiarles (1933), Meier and Ijindbeiyh (1935), Proctor and 
Parker (1938), Tasu<»i and Kurosawa (1938), Durham (1938), and Uitten- 
bero- (1939). 

Mai^rosporium. a spcines o\' Macrosporiam was collided from a low alti- 
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tude on February 22. This jrenus has been previously reported from the air 
by numerous workers, ineludin^ Brown (1930), Meier, Stevenson and 
Charh's (1933), Meier and Ijindberj>:h (1935), Proetor and Parker (1938) 
and Tasuj^i and Kurosawa (1938). It has been reported also from the strato¬ 
sphere by Rogers and Meier (1936). 

P\tsakium. No less than thirty-five cultures of this f^enus of the Tuber- 
cnlariaceae were obtained. Fvsarium was found on all of the flights made 
except that on November 9. On February 22, it was collected as hij^h as 
3,500 feet, but it appears to be restricted jrenerally to lower altitudi^. 

Altliouj»h many of the (uiltures produce the chara(‘teristic four-ceiled, 
fusoid, curved conidia in abundance, a considerable number produced no 
spores whatsoever on nutrient apir. Non-pi^ment-producin«* forms were 
most abundant. Two cultures from the flij^ht of October 19, vstudied by Dr. 
C. D. Sherbakoff, were identified by him as F. rrticnlaiurn Mont. In addi¬ 
tion, a Few cultures characterized by the production of yellow pigments, 
and a few prod in* in fz* red pi}z:ments were collected. 

Althoiijili Fiisarium spores have been previously isolated from the air by 
Meier, fStevenson and Charles (1933), and Durham (1937, lfl41), it would 
seem that further studies of the aerial dissemination of Fusarnim s])()re's 
should be made by plant pathologists, because of the jzreat ec'onomic* impor¬ 
tance of diseases caused by members of this ^enus. 

Plenozyttiia. a pycnidium-])roducin<»- funj»us, referable to this jreuus of 
the Phoniales, was found at an altitude of 6,000 feet, on December 6, and 
ajzain on P^ebruary 22 at 3,500 feet. Groups of pycnidia, within which im- 
mtmse numbers of hyaline i)ycnidios])ores are formed, ai*e ))roduced on a^ar. 
This »enus was found by Rittenberjz* (1939) in plates ex|)()sed on shipboard 
sev(*ral hundred miles off the California coast. 

Prom tlie data assembled in table 2, it is a[)parent that species of Alter- 
)iari(K Fiisaruon, and Hormodendrum make up the jzi’eater ])ro])()rti()n of 
the funjii of the air over Nashville, and are practically constantly ])resent. 
Vniicilliinn, also, api)ears to be constantly present in small amounts. The 
remaining- funjzi must be regarded as of sporadic occuirreuce. 

I^roctor (1934), Proctor and Parker (1938), and others have found 
species of Aspertjiihts and Penivillium to make up a very lar^e j)roportion 
of the fun^'i isolated from air. The present collections, in which oidy six of 
120 fungus cultures beloii”' to these jrenera, is in marked contrast to these 
findino-s. 

It is of interest to comj)are the present findinjrs with the residts of 
Penniiifiton (1940), who made daily spore counts from slides exposed at the 
j>:round level in Nashville. Hormodendrum, AUeruaria, Spondylocladium, 
Acrothccium, Hclmndhosporiicnt, and Fnsarium were the most abundant 
jienera, but smut spores, Asperyillns fn'rcus, and other Aspcrgilti were also 
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obtained. Except for collection of Spondylocladiuni, Acroihcchim, and 
smuts, the fnnj^i at the f>’round level are quite like those in the upj^er air. 

YEASTS 

The o(*curren(*e of yeasts in the aerial flora has been reported by Brown 
(1930), Proctor (1934), and Tasujri and Kurosawa (1938). A ])ink, non- 
spore-form in speides of Saccharttmfjcrs was found by us on ])lates exposed 
at 10,000 feet on De(*ember 6, and a^ain at 5,800 feet on January 25. 

ACTINOMYCKTES 

Both Misehustin (192(1) and Proctor (1934) have reported that Actino- 
mycet(‘s are repi-es(*nted in the niieroflora of the air, but have not attempted 
to identify the sj)ecies found. Acliuomyces (jrtscolus was isolated by us from 
a i)late exposed at 4,700 feet altitude on January 25, and at 2,200 feet on 
February 22. A. ])h(t('ochr()nio(jciuts oc(*urred on plates exposed at 2,000 feet 
on PVbruary 22. 

OTHER ORGANISMS 

M(‘ier and Lindberjih (1935) and van Overeem (1930) colleided a num- 
be]* of ”*reen al^ae and diatoms from the air durin‘»‘ air])lane flights. The 
latter inv(‘sti^'ator isolated, from an altitude of 2,000 meters, a ‘‘moss pro- 
tonema, whi(di, transf(‘rred to a solid medium, has yield(Ml fair-sized moss 
l)lants.” Jn the liojx* of obtaining' aljiae or otlnu- (ddoi’ophyll-bearinji’ or^an- 

TABLE 

^KHinuin/ of (hr tiyxs of fiitu/i collrclrd and Ihrir rrlalivt' 
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isms, plates of a iriediiim eoiriposed of a modified Detmer^s solution solidified 
by the addition of 1.5 per rent ap:ar were exposed on February 22 at alti¬ 
tudes ranoiujr from 1,000 to 3,000 feet. These plates w^ere broujiht into the 
Jaboratoi-y, and incubated for a week under condition of moderately low 
temperature, hi^h humidity, and continuous illumination ])rovided by a 25- 
Watt bulb, but the results obtained were entirely nejzative. 

abundance: of the various TYPES OF ORGANISMS 

At the time of exposure of each ])late, records were made of altitude, 
length of tlie exposure, and speed of the plane, (k)unts of the number of 
bacterial and funjrus coloni(*s were made after an incubation jieriod of three 
days, as previously stated. From this information, as a basis tofiether with 
the area of the surface of tin* Petri dish (9.6 sq. inches, or 0.067 s(j. feet) 
calculations were made of the niimbcT of organisms per (*ubic foot of air, 
for each plate exjiosed. 

tablf: 3 

The (ihinidaNce of (n'ffamsms at (hfferc'nt times, in rdaiion 
to the Weather conditions 



-r- - 

— 

— -- - .. —- 


— 

- - - 


Tcm|). 

F. 

Kol. 


Orgninsms 

Bacteria 

Fungus 

Dutr 

hum id it V, 

Wind 

])ci' cubic 

coloTiicH: 

colonies: 


% 


f oot 

% of total 

% of total 

Oct. 19 

81 

45 

NNF 5 

0.(55 

(51.3 

38.7 

0(‘t. 2(> 

74 

27 

H J2-13 

0.95 

88.7 

11.3 

N ov. 9 

38 

(57 

W 7 

0.20 

77.7 

22.3 

l)t*(*. (> 

42 

45 

NNW 1(5 

0.52“ 

(5(5.2 

33.8 

Jnn. 25 

5() 

37 

WSW 8-9 

0.27» 

95.9 

4.1 

tVI). 22 

52 

3(5 

WSW 2 

0.14» 

90.1 

9.9 


» TiinHiniieli as tliosi* tlirco won* made at liifjlior altitudes than the first tliro(', 

the figures lyivoii are for all oxjK»siiros at J,000-2,000 fe<*t. 

It must be borne in mind that the tecluiique employed ini])os(‘s certain 
limitations. The fijiures refer only to viable orj»anisms cai)ahle of ‘>rowth on 
the j)articidar medium employed under aerobic conditions. Furthermore, the 
ground speed of the ])lane is open to considerable inaccurac'.v of measur(‘ment 
because wind direc'tion and veioedty were not taken into account. 

The calculations fi*oni all seventy-six ])lates exjiosed, rej.tardless of alti¬ 
tude, jrave an averajue of 0.21 or<>:anisms per (*ubic foot of air. Th(» maximum, 
of 1.19 orji'anisms per cu. ft., was obtained on a ])late exposed at 1,500 feet 
on October 26, while none was obtained on a ])late exposed for thirty seconds 
at 6,000 feet on December 6. 

The data concerning the abundance of organisms at various times are 
too voluminous foi* detailed presentation, but a condensed summary is 
included in table 3. 

The data in the above table indicate fluctuations in the popidations of 
microorganisms at the 1,000-2,000 foot levels varying* from 0.14 to 0.95 
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orji^ajiisms per cubic foot. It has botui impossible to correlate these findings 
with the existing’ weather conditions. All flights were made on days in which 
no rain had fallen for several days previously, so that decreases in the popu¬ 
lations due to this factor may be ruled out. The high counts obtained on 
October 20 are j)robably (*ausally related to the (‘ombination of very dry air 
and a high Avind, and it appears significant that the lowest counts were 
obtained on Febi’uary 22, when the wind velocity was least. It is admitted, 
however, that the atmos])heric conditions at a given altitude may be very 
diflerent from those eiK-ountered at the ground level, and that a much larger 
number of observations would be required to yield results of tle(*isive value. 



altitude: in fclt 

Fl(i. 1. (listvi])uti()ii of or^niiisms at various allitiulos ovor NashvilU*, Toim., on 
l)o('. <), 1941. 

The general decre'ase in (concentration of organisms with increasing alti¬ 
tude is shown in tlie accom])anying gra])h (fig. 1) based upon data gathered 
on the flight to l(),b()() feet ehwation. The entire series of exposures, on this 
pai'ticular flight was made at temperatures below freezing, with a minimum 
of 22” F. being n*cordt*d at 0,000 feet. The (*oncentration of organisms fell 
sharply between 1,000 and 4,(K)0 firt, above whicli altitude a small but rather 
constant po])nlati()n was I'ound. 

Proctor (1984) has ])resented (*vidence for tlie exist (nice of '‘biologii'al 
strata'’ in whicdi microorganisms may be ])resent in higher quantities than 
in the air above or that Ix^hnv the given hwel, due to vertically localiztnl 
W(nither conditions and air movements. This finding is borne out by insults 
obtained on January 25, in which much liigher counts were obtained at the 
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3.000-4,000 foot levels than at either 2,000 or 5,000 feet (fi". 2). The factors 
responsible for this condition are as yet little understood, and must await 
further experimentation. 

According* to Proctor (1934), *‘the biolojrical population of the upper 
air is probably an ever-chaiij^in^ ojie, never constant either in type or in 
distribution, due to the many factors which may interact at the same time.^^ 



ALTITUDE IN FEET 

Fig. 2. The distribution of organisms at various altitudes over Nashville, Tenn., on 
Jan. 25, 1942. Note the higher counts between 3,000 and 4,000 feet. 

In tlie present exjieriments bacteria were always more abundant than fungus 
spores, and composed from 61.3 to 95.9 per cent of the total microflora of 
the air. The proportion of fungi varies from day to day between 4.1 and 38.7 
per cent of the total. Yeasts and actinomycetes were never abundant, and 
together they make up somewhat less than I per cent of the microorganisms 
of the air. 

SUMMARY 

Studies of the microbiology of the air over Nashville, Tennessee, were 
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nuiclc by exposiii<»- Petri dishes eoiitaininjr nutrient a^ar from airplanes. 
Twenty-nine different s])eeies of baeteria, iiK'lndiii*** specdes of Aclfroniolxic- 
ter. Bacillus, Fiavobacicriinn, Micrococcus, Pseudomonas, Barcina, and 
Bcrratia, were identified from the plates exjiosed. Sj)ore-formin‘>‘ rods and 
eoeei w(*re about eipially abundant, with iion-s])ore-formin^ rods beinj^ pres¬ 
ent in lesser eoneentrations. 

Sixteen <**enera of fnn»i, ineludin<i‘ speeies of Mneor, Chaefominm, 
Acladinm, Aspcrgillns, Ccphalothecium, Oospora, Pcnicillium, Scopidariop- 
SIS, Verficillinm, Aliernana, Brachpsponum, Hchinnihosporium, llormo- 
dcndnim, Macrosporinm, Fnsannm, and Plcnozpihia were found. Altcr- 
naria, Tlormodendrum, and Fnsarium speeies appear to be most abundant 
and to be c'onsistently present. 

Quantitative data wen* secuired iudieatin^' an overall avera<»e of 0.21 
orj.'anisms ])er (udiic* foot of air. This eoiieentration of organisms is subject 
to wide variation, indiK^ed by a number of factors. 

J^a('teria w(u*e the most abundant jjjroup of microorjranisms o(*('urrin»’ in 
the u])])ei* air, comjiosinjz' (11.3 to 95.1) ])<‘r (*eut ot* the total. The projiortion 
of fun^'i varied from 41 to 38.7 ])er cent of the total numb(*r of mii-ro- 
orj^’anisms. Yeasts and actiiiomycetes were also present in small quantiti(‘s. 

The writer a('kuowl(*d‘»(*s with thanks the assistance rc'udered by J)r. F. 
A. Woir, who has id(‘utified the ba(deria collected during’ this work, and has 
('riticized the mauus(*ript. H(‘ is also deejily aj)j)reciativ(‘ ol* the courteous 
(M)op(*ration of Dr, N. F Fonant, Dr. V. M. Chitter, dr.. Dr. D. II. Linder, 
and Dr. 1). Sherbakoff in identifyinj*’ certain of the fun<j;us (*ultures. 
Assistani'C in the laboi*atory work involved in this study was ])rovided by 
a ^rant-in-aid from the (Graduate School of Vanderbilt TTniversity. 
Dfpaktment of Diology, Vanderbilt Fniversity 
Nasi IVILLE, Ten \ essee 
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THE STRUCTURE AND DEVELOPMENT OF THE SHOOT 
APEX OF EPHEDRA ALTISSIMA DESF. 

PjRNrST M. (iIFFORD 
INTRODUCTION 

Altlioiijili tlio sliMK'liirc of the shoot ap(*x of Ephedra alfissinta has been 
])revioiisly stndii^d (Sehinilz 1H74; (irooni 1885; Kocdi 1891), inetliods of 
modern miero-teehnique j)ennit a more imvise interi)retation of tlie ana- 
lomieal features of slioot apiees. lle(‘ent \vork (Koi'ody lf)37; Poster 1938, 
1939, 1940, 1941; dolinsoii 1939; Cross 1939, 1941, 1942) shows a definite 
ti-end in tiie ('omplexity of the apiees of j»ymnosp(‘rms from tlie seemingly 
])rimitive (n pes of api(‘es of the Cyeadaeeae to tlie more advaneed type of 
tin* Taxodia(‘tnie (.h-oss (193t)) has shown tin* apex of Taxodilaa to appi-oaeh 
tlie striK'Inral (‘ondition (diaraderistie of the anj.iiospmmis. Tlierc* is, how’- 
ever, a definiti* yap [)et\veen the two whieli miyht i)e sns])t*(‘ted to be bridged 
by th(‘ a])(‘X-tyi)e or types of the (Imdalt's. Tiie ])res(mt study show\s that 
Ejdivdra altissuna represents sneh an int(‘ryradiny form. 

.MATERIALS AND .METHODS 

Api('es wei*e obtained from a sinyle plant yrowdny on the eampns of the 
Pniversi1\ of (^difornia and from plants yTowdny on the Anson S. Blake 
estat(‘ in Ber‘k(dey, California. Buds w(*r(» eolleeted at sevei*al int(‘rvais l)e- 
tween January, Bill, and Maridi, 1941, and in Januai*y, 1912. Idie ai)iees 
w^ere killed and fixed in three fixatives ])rimaril\, riz.: (1) Zirkle's basie 
fixative ((hi(h-()„ 25 y ; (hiO, 0.05 y ; (hiS()„ 1 0 y.; HI), 100 ee.). (2) 
Corrosiv(* snl)limate, 3 0 y.; biit>rie arid, 3 ee.; 70S ah'ohol, 100 ee. (3) 
(3iromi(' add (0 5 y.; HjO, 100 ee.)—innitral formalin (21 vr, eomm(»reial; 
lIjO, 100 (*('.) ; mix ecpial parts when iisiny. The latter fixative yav(* the best 
j-esults. Th(' material was ddiydrated. deared in xylene, and enda^dded in 
paraffin aeeordiny to the method outlined by Ball (1941). Serial lonyitudinal 
and transverse sedions were* eiit from 5-8 in tldekness, stained with tannie 
add-ii’on chloride, and eountei-stained with safranin (Poster 1934). Draw- 
inys wTre made with a 7.5 ^ oeular and a 54 oil-immersion o])jedive. 

(iENERAL FEATURES OF THE SHOOT SYSTEM 

Twh) ty])es of shoots exist in Kpludra alhasiaKt: (1) a larye tyi)e wdiieh 
eonstitutes most of the shoot system, and (2) a smaller, shorter-lived deeidu- 
ous ty})e wdiieh develoi)s from tlie nodes of the laryer shoots. At (‘adi node 
of tlie first and more viyorous.type, tiiere are thi*ee leaves in av1ios(* axils tin* 
second typi* of shoot arises. Tlie latter i)ossesses decussate phyllotaxis. 
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The first inflieatioiis of «:rowth in the spriii«: appear in the lar^^e type of 
shoot, wijose rapid f>:rowth is aeeoinpanied by the development of the axil¬ 
lary, small shoots. 

The lar*i:e or permanent shoots nltimately eease growth but during: the 
jrrowth ])eriod iiiimerons axillary permanent shoots develop at older nodes. 
The present papei* does jiot deal with the origin of these shoots. Possibly 
the initiation of tliese shoots is similar to that of the ‘^pseiido-eudo‘!:enous” 
buds of Taxodimn deseribed by Cross (1939). In the present work only the 
striudiire of the ay)i(‘es of the two types of shoots are eonsidered. 

In the present investigation it has been found that the averaj»e diameter 
of the shoot apex of 40 vigorous permanent shoots is 180 \i while the height 
is 80 |j. The aj)ex of the smaller shoot jmssessin*^* de(*ussate phyllotaxis has 
an averajie diameter (30 a})iees measured) of about 110 p while 75 |_i is eom- 
mon for heif»ht. 

REVIEW OF LITERATURE 

After the formulation of the eoneept of ‘^apieal eelP’ by Niif»‘eli (1878) 
many subsequent workers attemjited to find in all <»‘rouy)s of ])lants sueh an 
afiieal eeli from which all subsequent tissues could be tracked. Niij»di was 
rijihtfully inqiressed with the re^ndarity and sequence of cell divisions in the 
aj)i(‘al cell of Thallojihytes and certain Bryophytes and thoujiht that no 
fundamental difference would be found in the organization of apical tissues 
in both lower and higher <»roups of plants. 

In attenijitinj? to prove the doctrine of Naf»eli, Dinjiler (1882, 1886) 
stated that it was possible in Ephedra moumfaehya (1882) to observ(‘ an 
apical cell (Schcdelzelle) , which was prismatic or tetrahedral in form. 
Korschelt (1884) usin<»‘ E. vulgaris ajrreed with Dinj^ler that an apical coll 
occurred in this j^eiius as well as in other }i:ymnosperms. Schwendener (1879, 
1885) concluded from his studies that the shoot ayiex of certain ^ymno- 
sperms is crowTied by a jiroup of four juxtaposed apical initials. However, 
the apical meristem of Ephedra monostaehya did not have the tetrad of 
apical cells but ])ossessed an irreyrular y»:rouj) of initials. As late as 1890, 
Douliot emphasized his firm opinion that “apical-cell segments” exist in 
jjfymnosperms and illustrated his belief with schematic diaj»:rams and elabo¬ 
rate drawings of the (‘ell net. 

After the announcement of the histof^en theory by Haiistein in 1868, 
many Aiorkers labored to disprove the contehtions of the champions of the 
apical cell theory and to show the universality of histo‘*:ens. Karsten (see 
Koch 1891) ado])ted the histoj*en theory and maintained that histo‘»:ens were 
present in E. alfissima. According to Schmitz (1874), however, the derma- 
toj^en of E. aliissinia, thouf^h well defined, was octcasionally interrupted by 
periclinal divisions; and the inner tissue exhibited in no w’ay an or’»:aniza- 
tion into a definite central plerome and surrounding periblem. In another 
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spepies, E. campylojmla, Strasburjrer (1872) stated that a eoutimious pro¬ 
toderm was usually present but that the s<‘paration of periblem and plerome 
is hardly ever present. This observation was eonfirmed by (Irooin (1885) in 
E. alfissima. The next important work was by Koeh (1891) who deseribed 
for tJie apex of E. alftssnna an inner core, formiii*^’ the pith, and an outer 
“Hu]l<»’e\vebe,” the latter bein^ more meristematie in nature, lii eonfiriiia- 
tion of his own observations Korh (1891) pointed to tlie work of Sanio 
(1863) who found, besides the ei^idermis, in the apex of E. mouostachya a 
“])ith’' eomposed of a few eellsand an outer somewhat thinner-walled tissue. 
Koeh was the first to iireseut a precise and accurate description of the evi¬ 
dent cytolojiical zonation in the shoot apex of Ephedra allissirna and other 
‘>ymnos])erms. 

THE SITREACTC LAVER 

The vij^orous apices of both types of shoots are chai’acterized ‘»enerally 
by a dis(‘rele surface layer which may well be termed the tuni{*a and will 
be referred to as siit-h in subsequent discussion. Only one exception to this 
(‘onditiou has been found and will b(‘ considered later. The tissue other than 
the tunica will be referred to as the corpus (Mc^hmidt 1924). 

The usual (‘onfi«iura1 ion of th<‘ surface laycu* in the ])ermanent shoots is 
that of a continuous la,^6n• (li<»s 1, 3-11), f»ivin^ rise to the futui’e epidermis. 
The ('ells of the tunica oftim vary in size, stru('tiu*(‘, and staiiiin^’ qualities; 
iiowev(*r, in all api('(‘s the tunica is uniseriate. 

While the above condition is characteristic of tlie surface layer of the 
a])ex, one exception from a series of 40 buds has been found (fiji*. 2). This 
fi<*'Ui*e depic'ts an a[)ex in whi('h a pei*i('linal division followed by an anti¬ 
clinal one, lias rec'cntly taken filac'c in a cell of the tuni(‘a. Thus a ^roup of 
tlu-ee ^enetii'ally related cells has been ])roduced. The ('(‘11 of the tunu'a im¬ 
mediately to the left of this <»rou]) has enlar^vd ^iTatly and may have been 
on the ver^e of a })eri('liual division at the time of fixation. SiU'h a temiio- 
rary enlarjiement of a cell of tin* ajx'x probably l(‘ad some of the earlier 
workers (Dingier 1882; Kors('helt 1884; Douliot 1890) to assume and (h^- 
scribe the ])res(mce of an a])ical cell. This a]K»x re{nTscnts the only ('lear-cut 
example of siK'h a division, wliile other .seemin‘»ly similar ('as(‘s fail to show 
siK'h a condition upon ('riti<'ai examination. It is also Intercastin^* to note that 
this bud showed very viji’orous «»ro’wth. This observation afzn^es with that of 
Strasburo'er (1872) who stated that in vigorously ^rowinf** vegetative a]>ices 
of E. campiflopoda tlie u])permost dermato«»'eu cell may divide* transvei'sely 
(peri(*linally). The discovery of this example siiji'^ivsts that such divisions 
may occ'ur from time to time in many vigorous vej^etative shoot ajiices of 
E. altissima. Tlie sub-api(‘al divisions of these ('ells irsultin^' from the jaud- 
clinal divisions au^inent the coiqiu.s. The apical and sub-a])ical cells, indi- 
cateal by means of nuclei in fi<»'ure 2, tojrether as a ^roiij) resemble the a])i(‘al 
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initial j*:roii|) of Oivkgo hiloha described by Poster (1938), Appai*eiitly the 
fonuatioii of such a ‘^roiip of apical initials and their derivatives is asso¬ 
ciated with vif*orons growth and may occur during a certain phase in the 
tlevelopinent of a particular shoot apex. 

THE SUB-APICAL REGIION OP THE SHOOT APEX 

Directly beneath the tunica layer of the apical lueristeni lies a region 
that occuj)ies the foiMis of ineristematic activity. This region may be termed 
tiie suh-aptcal }h\1\aii(yH zone, and the cells composing it, auh-apicaJ initials 
(figs. 1“11). The latter are similar in ])osition and function, but not in size 
or structure to the ^S*entral mother ceilsof Ginlajo (Foster 1938). The 
snb-apical initials ])rodu('e a central tissue zone (fig. 3), ])]*ecnrsor of the 
])ith, wliich, in very vigorous shoots, is cliaracterized by highly va(*nolate 
dividing cells having the a])pearance of a very sluggish ‘‘rib meristem” 
(S<*huep]) 1926). The cells of the central tissue zone exhibit i)olarized 
growth and progressive elongation. The sut)-apical initiation zone gives rise 
als{) to the ('ells of tlie peripheral zone. In striking contrast to the vacuolate 
dividing (-ells of the ))ith-forming region the peripheral cells are rich in pro¬ 
toplasm (6gs. 4, 5, 7, 8), and stain deei>ly; ('ell divisions rather than (donga- 
tion of tlie individual cells dominate in this region. Cortex, leaf ])rimordia, 
and vascular tissue are ultimately produced from the ])('ripheral zone. 

In the majority of the iiermanent shoot a])ices studied it was possibh' to 
distinguish one tier of sub-ai)ical initials which seemingly w(‘r(» engagenl in 
anti('linal divisions, contributing cells to the ])eripheral flanks (figs. 3, 4, 
f), 7). Dir(‘('tly beneath this grouj) of initials a?*e found the pith mother cells 
(figs. 1, 3, 4, 5, 8). The (‘onfiguration as described abov(* does not always 
(*xist, tliat is, an upi^er group of initials dividing onl\' anti('lina11y. Figure 
6 illustrates a p(»riclinal division in a ('entrally located initial. Tin* same 
photomicrogra])}] slunvs how- difficnlt it is to decide which initials give rise 
to th(‘ cells of the peripheral flanks and which contribute to the central zone. 

While the configuration as desi'ribed above is common for many perma¬ 
nent shoot aj)ices, it has bt'cn found that the snl)-a])ical initiation zone may 
(Mjnsist of two or more tiers of cells (mgaginl ])rimarily in anti(*linal divisions 
(figs. 3, 8). 

In contrast the a|)ic(‘s of the deciduous shoots show* no orderly ai*range- 
ment of the cells of the sub-api(*al zone. A definite (*ap of initials in the sub- 

Explanation of figures 1-3 

Fro. 1. Mfdijoi longisordion of the shoot ap(*.x of tin early ex])anding j>erinaiient 
shoot; f, tuiiiea ; .v?, sub-apical initials; pm, pith motlu^r ctdls. x 46a. Fio. 2. Median longi- 
section of the shoot a]>ex of a vigorous permanent shoot showing evidence of a ])ericlinal 
division in the tunica. Note also the enlarged cell of the tunica to the left; a/, a])ical ini¬ 
tial. x465. Fig. 3. Median longisection of the shoot apex of a permanent shoot during 
maximal growth; peripheral zone; L tunica; (‘S', central zone, x 46,5. 
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api(*al zone is hardly ever present. The apices seem to possess a small group 
of initials which divide pericliiially as well as anticliually. In many apices 
(figs. 10, 11) the cells of the pith-forming region, or central zone, can be 
traced up to a coll of tlie first sub-apical tier of initials directly beneath the 
tunica. 

In some shoots of botli types, particularly in vigorous permanent shoots, 
the cells of the central zone are very regularly arranged in vertical rows. 
They have the ap])earan(‘e of a true “rib meristem’^ (figs. 7, 8). Frequently 
this arrangement is confused by subsequent periclinal and oblique divisions 
and irregular enlargement of the derivatives of the ])ith motlier cells (figs. 
1, 2, 3, (), 7). This condition is similar to that observed in the shoot apices 
of T(tjro(hum <iisf}vhum (Cross 1939) and Cuunimjhamia lanccolafa (Cross 
1941) ; but in contrast to the clearly defined rib meristem zone in (tink(jo 
and Dioon (F’oster 1938, 1941). The pith mother cells as well as their de- 
1 ‘ivatives are vacuiolate, a feature common to many conifers (Kocli 1891, 
Korody 1937, Cross 1939). Derivatives of the snb-a])ical initial cells tliat 
constitute the meristematic fiardw undergo subsequent periclinal and oblique 
divisions (figs. 1, 2, 3, 5, 7, 8) as well as anticlinal divisions, and no (‘lear 
stratifi(*ation as observed in the tunica can be found. Tiiese divisions enlarge 
this zone considerably at the level of a newly forming leaf primordiiim (figs. 
3,6,7). 

In summary, it appears that the sub-apical region of the shoot apices of 
Ephedra (dtissima consist in general of three zones characteriz(‘d by size of 
cells, structural and staining qualiti(*s, and type of division that predomi¬ 
nates. Directly beneath the tunic'a there is a highly (*nibryonic region termed 
the iniiaitioa zone from which is produced by anticlinal divisions: (1) the 
mensiemafie flanks, and by periclinal divisions (2) ihc })(lh mother celts 
which giv(‘ rise in turn to cells constituting the central zone or precursor of 
the pith. The pith mother cells do not maintain their position iiuhdinitely 
but are ultimately incorporated in the pith; this is followed by a new pro¬ 
duction of pith mother cells from the tier or tiers of snb-api(*al initials 

Explanation of figures 4-11 

Fig. 4. Longiao(‘tion of shoot a]H‘x of an early expanrling jx'rnianont or largo shoot 
showing a clearly (h‘limited tunica and sid>-apical initial grouj). < 407). Fi(}. 5. Ijongisec- 

tion of shoot apex of a j)ermanent shoot in nearly the same growth ])hase ac! fig. 1. y 4().’5. 
Fig. (). Longisectioii of shoot apex of a permanent shoot showing a periclinal division in 
a sub-dpical initial cell directly beneath the tunica. x405. Fig. 7. Longiseetion of shoot 
apex of a })ernianent shoot in maximal growth. Note the great width of the aj)ex. x4()r). 
Fig. 8 . Ijongisection of a permanent shoot a])ex in maximal growth illustrating the Avell 
defined tunica and stratified nature of the sub-apical initiation zone. < 400. Fig. 9. Longi- 
section of a ]>ermanent shoot a])ex near the cessation of growth. Note the highly Awiiolate 
condition of all the cells, x 405. Fig. 10. Longiseetion of an apex of the small type of 
shoot showing the discrete tunica, x 405. Fig. 11. Longiseetion of the shoot apex of the 
small type of shoot showing the extent of a row of pith foiming cells, x 405. 
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directly beneath the tunica. The initiation zone must be rej>:ardecl as a 
dynamic and chan^in^ entity, g:overned undoubtedly by volume-surface 
relations. 


SEASONAL VARIATION IN THE STRUCTURE OF THE SHOOT APEX 

It was possible on the basis of this investigation of the shoot a})Ox to 
construct a series showing* the changes in structure and confijjcuration of the 
api(*al meristem durin*** the course of development of a permanent shoot 
apex. 

Figures 4—9 reimesent a developmental series bejrinninj;’ with the initia¬ 
tion of fyrowth, throu^ih maximal development, and endinji; with the cessa¬ 
tion of J^TOWth. 

It has been found that in early expandiiifr shoots the apex is relatively 
small, yet shows discrete tunica and cor])us rejiions (fij»‘s. 1, 4, 5). As growth 
proceeds, the a])ex becomes more voluminous because of the tendency toward 
an increase in the width of the central zone or pith-formiii" region. At a 
still later period the peripheral zone becomes more stratified (fiji:s. 8, 8) and 
the central zone assumes in many apices the confijiuration of a rib meristem. 
The arranjaement of the cells of the sub-apical zone in tiers ^ives a massive 
ap])earance to the a])ical meristem. It is durin*!: this vijiorous j^rowth ])hase 
that the one ex(*eption to the continuous uniseriate tuni(*a was observed. 
During’* this period peri(*linal divisions probably occur in the tnni(‘a from 
time to time in any one particular apex. At the same time the central zone 
increases denddedly in widtii (fi^’, 2) and a rapidity of division of the de¬ 
rivatives of tlie pith mother cells follows. As p’owth begins to de(*line tlie 
reverse of the above se(pience of events takes ])lace, the configuration Ix'com- 
iuf? as in fij>Tire 9. The initiation zone is redu(*ed to a few hijihly vacuolate 
ceils which slu^<z:ishly continue to produ(*e the two zones. The ])ith becomes 
narrow and the elonj>ation of its cells dominates over cell division. The cells 
of the peripheral flanks likewise increase in size and tend to become more 
va(‘Uolate in nature. 

DISCUSSION 

The present study does not su])port the view that Eplivdra alfissima lias 
has an apical cell. In only (me of the api(*es studied was there an indication* 
of a cell that (*ould be interpreted as an apical cell 2). Possibly the 
temporary enlarf>'ement in dejith of a sin{»:le cell at the apex as is seen in 
this fij^ure lead Douliot, Dingier and Korscdielt to assume the presen(*e of 
a sinjjfle apical (*ell in the terminal meristem of Ephedra as well as in the 
apices of other jiymnosperms. The observations of the writer, however, af?ree 
in some respects with certain of the earlier investij»ations. Figure 4 illustrates 
a condition resembling:: that described by Karsten (see Koch 1891). A(*cord- 
iii^ to Karsten the ‘"plerome” ended in one cell and the dermato<^en and 
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“peribleiiieach ('oiisislod of one layer of cells over the apex. That 
‘‘plerome'^ and ‘‘])eriblenr’ may not be sharjdy defined in Ephedra alfis- 
sima, as emphasized by Schmitz (1874) and (Iroom (ISSo), is well illus¬ 
trated in fij»s. 2, b, 11. The ty])e with a central tissue surrounded by a ‘4Iull- 
^ewebe’^ as described by Koch is found in fijrs. 2, 3, 7, 8. 

In recent years certain workers (Korody 1937, Hiirtel 1938) have at¬ 
tempted to homolo^ize the corpus of the an<riospermous a])ical meristem to 
the entire shoot apex of ceidain ])rimitive vascidar ])lants su(*h as Lycopodium. 
A critical examination of this viewpoint has already been undertaken by 
Foster (1938, 1939b) and (h*oss (1939, 1941, 1942). The former (1938) 
came to the conclusion that the a])ex cannot be looked upon in smdi a li^ht 
because such a com^ept is “based upon too ri^id a moi'pholo^ical distinc¬ 
tion.'’ In Foster’s opinion the tunic'a and cor])us rei)resent “interde])endent 
growth zones” and as sm-h one cannot exist without the other. It is also 
important to emjihasize that while a virtually “stabile” tunica occurs in 
Ephedra alfis.smut, the peripheral zone is only vaj»’uely stratified. “From this 
standpoint, the evolution of the anjiiospc'rmous type of shoot apex may have 
involved an ever iiKU'casin^* emphasis u|)on surface jirowth ihrouyhoui the 
aiiical and p<*ripheral rc'jiious of the meristem.” (Foster 1939b). A(‘ceptin^ 
thcs(* two postulates we are led to the con(‘ej)t that throujih ])hylo|»eny there 
has b(‘eii an iiuo'eased stimulus to “surface growth” bi*in<.»in^‘ about tin* 
luni(‘a-('or])Us (condition as t\ pifi(‘d by anj»iosj)eT‘ms. 

''riius a s(M*ies can b(‘ made from tlie massiv(‘ (‘ondition as exhibited by 
(Ufeas rerolula (Foster l!l39a, 1940) to the more refined types which exhibit 
to j»reater or lesser de<»re(* the tunica-(*orpus condition. Some very interest¬ 
ing points of a comjiarative nature have been broujilit out by Foster (1941b), 
wlio j)oints out tliat the Abies reuusta tyjie of apex is common in the 
('onifers; that is, the tyjie charaederized by tin* jiresence of an outer 
peripheral zone com])osed of actively-dividing cells from wdiich arise the 
ej)idermis, <‘orte.\, leaf primordia, ainl ])rovascular tissue; and an inner core 
or central-zoin*, the jirecnirsor of the pith. These zones arise from an ill- 
defineil sub-api('al zoin* whic-h in turn has ai-isen from derivatives of apical 
initials. Araucaria bidirdli on the other hand has a more rejzular surface 
layer. Ue('ently ('ross (193fl) has round a ch*arly d(*limited nniseriate 
1uni(*a and central ('orpus in the permanent shoots of Ta.rodium disfichum. 
A similar condition was tound by the same author (1941) for the shoot aj)ex 
of (''rypiomeria japouica: how^ever, more jiericlinal divisions Avere observed 
in the surface cells of the apex of this jilant. In the WTiter’s opinion the 
condition exhibited by Ephedra altfssi-ma represents a still further advance 
in the attainment of the two morpholo<»ically independent zones, tunica and 
eorpiis. 
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SUMMARY 

The eyt()4iistolo<»i(*al features of the shoot apiees of the two types of 
shoots foinid in Ephedra alfissima are deseribed. The apieal nieristeins of 
all shoots investifiated exee])t one are eharaeterized by a uniseriate tuiiiea 
and a (*or])us region. One vigorous j>ernianent shoot ape'x exhibited a peri- 
elinal division in the tniiiea at the summit of the apex. 

The snb-api(*aJ portion of tlie apieal meristem ('onsists of a snb-apieal 
initiation zone whieli is tlie foeiis of j»:rowth and may show a rejynlarity of 
strnetnre at times. This re<»ion ^ives rise to a eentral tissue zone and a 
])eripheral tissue zone, ea(‘h eharaeterized by speeifie eliaraeters. The 
initiation zone prodnees “])ith mother eells” whieh divide for a period of 
time but ultimately are replaeed by new pith mother veils from the initiation 
zone. The perif)hera] zone inereases in widtli by })erieJinal divisions as well 
as anticlinal divisions. Derivatives of this rej»‘ion form the cortex, leaf 
primordia, and provascnlar tissue while the epidermis is derived from the 
tunica. 

A (*om])arison of the structure of the shoot apices of Ephedra alfissima 
with that of other j»ymuosperms, leads to a conclusion that the a])ieal 
meristems of this species represent an advanced condition in this j»rou]) of 
])lants. 

The writer is f^raleful to Dr. A. S. Foster for his <»uidance duriuj*' the 
research. Thanks are due also to Mr. Ijouis Erickson for assistance in prepa¬ 
ration of the ])hotomicroj»Taphs and to Dr. K. Esau who assisted in the 
])reparation of the manuscript. 

Department op Botany, Fniveksity of California 

JiERKELEY, CAI.IFORNIA 
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POLYPLOIDY IN SEDUM PULCHELLUM—1. 
CYTOGEOGRAPHY^ 

J. T. Baldwin, Jr. 

This paper presents the ehromosome numbers and p:eo^'raphie oeeurrence 
of three polyploid rae.es of Hcdinn pulchelJum Micdix. as revealed by routine 
eytolofiieal analysis of the species at representative lo(‘.alities in its dis¬ 
tributional area. 

Miehanx (1803) described pulchellum from circa Knoxville,” with 
no mention of the life-lenj»th of the plant. From this record Pursh (1814), 
in s])ite of havinj** seen neither livin^x nor dead specimens, indicated the 
species to be perennial. The writer kju)ws the plant throujrhout its 
ji‘ 0 oj*‘raphi(‘ ranjie only as a winter annual, wliite- or })inlv-fiowered. Wherry 
(1034), liowever, reviewed the history of a horticultural ])erennial of un¬ 
known orijzin that has ]onj»‘ been identified with the above species. Nuttall 
(1818) confused /8. ])ulchcnnm with a ])erennial later designated S. nerii 
Cray, and under this latter name, since 1858, two perennial sediims of the 
Al)palachian Mountains have been passinjr (Baldwin 1042a). Torrey and 
Gray (1840) questioned the ])erenniality of S. j)nlchvlluyn but accorded it a 
ran}*‘e which shows that in their concept of the s])ecies they incorporated 
the two perennials of the H. nevii ^rouj). The reason for the confusion (which 
continues up to the present) of the identity, ran^e, and lifc-lenji'th of these 
l)lants lies in the fact that the juvenile staf*es of N. pulchvKnm —lasting' from 
fall until s])rinj^, when flower-bearin^’ stems are ]>ro(luced, s])atidate leaves 
are lost, and linear, subterete leaves are develo])ed—that these staj^es stron»»ly 
resemble the non flower inj*’ ])lants of the aS. nwh a^’irejzate. 

Plants and/or seed of aS'. pulchilhnn from forty stations typical of the 
specific ranjze, seed from four herbarium sheets in the Field Museum, and 
])lants and seed from a huj^e, self-perpetuatin*»’ i)opulation at The Blandy 
Ex])erimental Farm in Vir{ 4 :inia haA’e sn])plied material for cytolofrical study 
(see table 1). Plants and seedlings were f»:rown in the University of Mi(‘hij»an 
Botanical Gardens. Chromosome counts for the forty-five colksdions were 
made from ac^eto-carmine smears of roots and leaves, and, in a few cases, 
frojn Nawaschin-fixed, crystal-violet-stained sections of roots; also, for 
certain collections of each (‘hromosome-number race, <>ameti(' (*ounts were 
made* from aceto-carmhie smears of polleirmother-e'-ells. 

^ from tho Doportmeiit of Botany of the University of Mieiiigan, No. 802. 

Supported by the Paeulty Beseareh Fund, J^rojeet No. 5()9. 

PubJieation of the illustrations was assisted by the Lueien M. Underwood Memorial 
Fund. 
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A polyploid series was established for the speeies: twenty-six eolleetions 
were diploid— 2a/ = 22, //= 11 (fi”s. 1-3); sixteen, tetraploid— 2ai=44, 
n-22 (fijis. 4r-()) ; three, liexaploid— 2aa=-66, a/ = 33 (fi}z:s. 7-9). Multivalent 
assoeiutions eharaeteristic* of hi^li polyploids with small ehromosomes are 
usually present durinj** meiosis of the tetraploid and liexaploid plants. This 
doiditless accounts for the existence of aty])ical jdaiits with 2A<-nnmhers of 



Fws. 1-9. ('hronioHomcs of S(<hiw pulcUdlum ot mitotic oiwl nitootic (I and II) inota- 
phascH. Pi(3s. 1-H. I)i])loid • - 1 1. Fkjs. 4-d. Tetraploid : ~ 44, n - 22. Figs. 

7-iK liexaploid: 2// ' (id, }t - TI. All, ca. - lOS."), from snusirs: jelati\(‘ siz(‘s of cells aie not 
stiictly .accm-jite; cell outlines in tij^s. 1, 2, and 4 wen* H(*lect(*d to accomj)any tin* meta- 
pliases drjiwn. 

64 and 72 as found hy the ^^riter in the pojudation at Itlandy Farm. At first 
meiotie metaphase of tetra])loid and hcxa])loid ])Iants the (diromosome num- 
her is difficult to deteiMnine because of the jiTouped assoiuations—whitdi may 
often be secondary rather than jirimary, but at sei'ond metaphase countinj^ 
is comparatively easy. All the plants are hijrhly self-fertile. 

The accompany in**’ map (fij?* 19) shows the distribution of the speeies 
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TABT.E 1 

Callcrfions of Srdum pulchtlhim for which chromoHomc numbers were dcicrmincd 


Souree 

2«“numbei 

(kd lector 

IMissouri 



Folk : Burns 

22 

J.A.Stv\icrm(irk^^7fiS2^ 

(^nnden Uo.: Bannister 

oo 

d. A. S fryer mark 

Uedar (^).: Tillev 

22 

J. A. Slrifermnrk 27465 

Moniteau Co.: Jamestown 

oo 

J. A. Sfryermai'k 24S2G 

Stone Ck>.: Gabma 

22 

B & (P> 

Jasper (\).: Jo]>lin 

oo 

B&G 

McDonald (k).: No(*l 

22 

B&G 

Arkansas 

Lawrence (k).: linboden 

22 

P» & G 

Lawrence Co.: ,Iesn]) 

22 

B & G 

(kirroll Ck).: Busch 

22 

B&G 

(kirroll Co.: Eureka Sju-ings 

04> 

B&G 

Sharp Co.: Shelbyville 

oo 

B&G 

lndepend(‘nce (Vk : Batesville 

Boone (k).: Francis 

oo 

B & G 

2“’ 

B&G 

Washington Co.: Fayetteville 

oo 

B&G 

Benton Co.: 

22 

B, G & D. M. Moore 

Benton Co.: 

oo 

D. M. Moore 

Pulaski fk).: Little Rock 

22 

Del/J(‘ Demaree 

Oklahoma 

Carter (k).: Ardmore 

t>o 

INfilton Hopkins 

Alabama 

Madison (^o.: Monte Satio 

oo 

R. M. Tlariuu* 

Tetinessee 

Knox (k).: Knowille 

oo 

J. T. Baldwin, Jr. 

Jackson (k).: Roaring River 

oo 

B& G 

Bedford Co.: Shell)vvill(‘ 

22 

B & G 

Kutherfoid Co.: near Bedford Countv line 

oo 

B& G 

Rutlnu’ford (k).: Murfreesboro 

22 

B, S & IT* 

Sumner Ck).; near Goodlettsville 

44 

B,S & H 

Cheatham (k).: 

4t 

.lean M. Campbell 

Davidson Co.; Nashville 

oo 

B, S & TT 

Davidson Co.: 14 miles w. Nashville 

44 

B, S & H 

Davidson (k).: PJ miles s. Nashville 

44 

Jean M. (kimpbell 

Davidson Co.; Nashville 

()6 

B, S & H 

Wilson (k).: Lebanon 

6() 

B, S & H 

Wilson Co.; Lebanon 

(if) 

L. M. Dickerson'* 

Wilson Co.: Cedar of Lebanon State Park 

44 

B, S & 11 

Kentuckv 

KayoUc (*<..: Klk Liek Falls 

44 

Marv E. Wharton 

Fayette (k).: Raven Creek 

44 

B, S & IT 

B, S&II 

Aml(‘rson Co.: Tyrone Bridge 

44 

Woodford Co.: Camp Offut 

44 

B, S & TT 

Mercer (k).; Shaker Town 

44 

B, S & H 

(kark (k).: LowTr IloAvard Creek 

44 

B, S & IT 

Jessamine Co.: Wilmore 

44 

IT. T. Shack lette 

Caldwell Co.: Princeton 

44 

A. M. ITarvill 

Simpson Co.; 

44 

B, S & H 

Illinois 

Pnion Co.: Cobdeu 

44 

B & G 

Johnson Co.: Sunburn 

' 44 

B&G 


ft Seed from lierl>m'ium spocinum in Field Museum. 

J. T. Baldwin, Jr., and Walton C. Gregory. 

<• J. T. Baldwin, Jr., II. T. Shael^lettc, and A. M. ITarvill. 
d Transplanted to Tlie Blandy Ex])erimcntal Farm in Virginia about 1930. 
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and of its races as known to the writer by the ('(Elections listed in table 1, by 
specimens in certain lierbaria,- and by coiinty-collection records of Palmer 
and Steyermark (1935) for Missouri. The s])e(‘ies occurs from Dade (k)unty, 
Georgia, and Madison County, Alabama, throufih Tennessee and Kentucky 
to Union and Johnson counties, Illinois, and, west of the Mississijipi River, 
throuj'h much of Missouri and Arkansas into Kansas, Oklahoma and Texas. 
(Steyermark (1942) has written an extended note on the occurrence of IS. 
'pulchcllum ill ]\Iissouri.) The present cytolo^^ical <lata indicate lhat only 
the di])ioid is found in the western and southern j)arts of the specific area, 
that only the tetrajiloid occurs from northern Tennessee thj*ouj>*h Jventucky 
and in Illinois, and that the hexajiloid exists only in northern Tennessee in 
the re<>ion of contact between the other two races, beinji* found, for exam])le, 
on the jirounds of (hiniherland University at Lebanon, T(‘iiness(*(\ The 
diploid, and sujiposedly oldest, race is the most extensively distributed. It 
is lo<»ical to eonsidcu* that the tetraploid arose from the di])loid by chromo¬ 
some doublinjx', and, similarly, th(‘ hexaploid fi'om an intei'-racial trijiloid. 
(One would not expect to find an annual established as a tri])loid: survival 
of an annual is normally dejiemhmt on regular meiosis.) The evideiUM* is that 
the tetraploid moved northward, and, thus, into the only ecolo<»‘ically suit¬ 
able t(‘i*ritory ‘ that was nearby and not already o(*(mpied by the sjiecies. To 
attemjit, as yet, a statement of tiie direction of miixi'ation of the diploid is 
haza rdous. 

aS*. ivi'nafuu}, the oidy otlu'r species of Srditni for w'hich an intensive 
cyto^eojiTaphic' study has b(‘en mad(*, is, Avith resp(‘(‘t to the conditions just 
enumerated for S. })ulclu'Unin, (piite diffenmt (P>aldw'in 1942b). It is |>eren- 
nial. Its rac'cs can maintain themselves v(*j*‘etativel\. Its diploid ra(‘(» is re¬ 
stricted to a limited area fi-om which the tetra[)loid has spread radially 
throujihout the s]iecific ranjic. A h<‘xaploid race is knowm from one station, 
that bein<>' at the southern ed^e of the ranji-e of the speci(*s aiid m^ai* the 
tetrai)loid. A triploid is known from two places: in West Virginia where 
both the diploid and teti*aploid have been found, and in North Carolina 
w4iere both these otlnu* rac'cs mi^ht be expected to occur. ]^>ut IS. ivmalum. 
and S. pulchcllum have this in common ; the tetra])loid ra('(‘, once t‘stablished, 
has in eacdi spec'ies been moi'c evolutionarily efi'e(*tive than the dij)loid; the 
tetra])loid in both cases mi^n*ated into luwv territory. The direction of migra¬ 
tion, as is generally true, was determined by the whereabouts of accessible 
and ecologically suitable territory. Tetraploid S. icmalum accordingly 
spread in all directions; tetraploid aS'. pulchcllum went north. 

2 United States National TTerbariiiin, and herlniria of the Pield Museum, the New 
York Botaiiieal Garden, the University of Arkansas, the University of Tennessee, the 
University of K(‘iitueky and tlie University of Miehififan. it was a ])rivilejre to examine 
the s])eeimen8. 

^ S. pulchcllum IS found “most frequently on limestone, but also ... on granitic 
and siliceous rocks” (Palmer and Steyermark 1935). 
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In the southeastern part of its jreo^raphi(' area pulchcllum extends 
into the freneral ranf 2 :e of true S. nevii Gray, Aviiieh has 12 soinatie, 6 f*ametie 
chromosomes (Baldwin 1942a). The *S^ nevu alliance, as stated above, is 
often confused with iSf. pulchcllum. For example: T)r. U. M. Harper sent the 
writer living? specimens of a sedum from Monte Sano, Madison County, Ala¬ 
bama ; study showed it to be diploid S. pulchcllum, but Doctor Harper (letter 
of February 19,1941) wrote : ‘‘everybody who has passed on my Monte Sano 



plant sp far has called it nevii.^^ And so identified one finds it in the her¬ 
baria (/?. M. IIarpc7' 3780). In the western part of its area, from Missouri 
and Kansas to Texas, 18. pulchcllum overlaps the ran^e of 8. nnttaliimium 
Baf., which has 20 somatic, 10 j^ametic cliromosomes.'^ The dead, fruiting 

The writer (1940) rqjorted S. nniiallianmn from near Georgetown, Texas, to have 
these numbers. The somatic riumb(*r has been corroborated by him for a collection made, 
in company with Uoctors Walton C. Gregory and T). M. Moore, in Ihmton County, Arkan¬ 
sas, during the summer of 194]. 
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plants of this latter speeies, a yellow-flowered winter (?) annual, super- 
fieially resemble the fruitinjr stems of S. pidchclhnn. Of eourse they ean be 
distinji'iiished witliont diffieulty, but they do look somewdiat alike, and not 
infrecjuently they are eonfiised in herbaria. The s])eeies sometimes ^row’ to¬ 
gether, for example, in lUmton (bounty, Arkansas. The suj»*^estion eomes to 
mind, then, that true S. ncni is an expression of a 6-ehromosome tenden(*y 
in evolution and S. ludfalhaiuini, hh Baldwin (1940) eoneluded, of a 5-ehro- 
mosome tendeney and that S. pnlchvUum arose as an amphidiploid result of 
the rusion of these two trends in the development of the ^enus. Tin* one 
teiideiK'.v dominat(‘s th(‘ eharaeters of th(‘ juvenile jilant and (‘auses eon- 
fusion wuth aV. ncrii: the other dominates the eharai'ters of the senesi'ent and 
dead plant and (*aus(*s resemblaiu'e to S. nuttaUiamihi. Aec'ordinjjily, aV. pul- 
chcUuui is to be int(*rpret(*(l as an amphidi])l()id that has underji'one auto- 
])()lyploidy to product^ 44- (ani])lutetraploid) and ()0- (am|)hihexaploid) 
ehromosoim^ i*ac'es. This lat1(*r ])lant, with 33 ‘.•ametie (-liromosomes, is a 
hijih-immbcMH'd animal Mun1/in».r (193G) studied statistic'ally ('hromosome 
numbers in forty-eij^ht j^enera that inelude s])eeies w ith ditfiu’ent life hMijiths; 
S((luni is, obviously, siu'h a ^eims. He found: “With rejiard to the annual 
and perennial series it is striking that (fll sjxM'ies with th(‘ haploid numbers 
ranji’inji from 40 to lOu are pei*ennial.^^ 

ruder uniform ('oiiditions the ehromosome-iiuinber raees of pulchvlluui 
art* morpholo^it'ally dirfereiit, but iu‘vertheless, sinee the writer did most of 
his (‘oll(‘(din‘^ of the sjieeies in the summer, when the plants wert* dead, lie 
does not know w'li(*t]i<*r or not the rat'es (‘an always be distin^aiished under 
li(‘ld ('Oiiditions, dud^ni” b\’ <*\ toj»eo^ra])hie evidenet* alom*, one w^ould say 
that IMieliaux used the diploid as type material (from Knoxville) for this 
sj)(*eies and that Jolni K. Small us(*d the saim* race as tyjie mat(‘rial (from 
liisin^' Fawn, Dadt* Fouiity, (Jeor^'ia) for aV. ru/iliinonfis. This latter })lant. 
as jiointed out by Wli(*rry (1935), is elearly referable to S. j)ulrli<‘lluni. 
Fr()dt‘rstr()m (1935), in his monofiraph on the ^enus, n*('o^‘nized SmalFs 
sj)e(‘ies, with tin* (pialifit'ation, however, that it is “[)(‘rliaps but a loeal va¬ 
riety^’ of S, j)ulc/irlluni. The late Docdor dennisoii, on an h(*r])arium slieid 
of S. pulcliclluni at tin* Fniversity of Tennessee {II. M. Jcnui.sou //AS, Knox¬ 
ville (‘ity limits, .May 2S, 1938), wrote: “apiiroaeliin*.*’ S. ri(/iJinioulis Small— 
the w4iieli I do not think is a j^-ood sjieeies—but only a variety.” The writer 
found ])lants at this Knoxville station, wliieh must be near the typi* loeality 
for aV. pulchvUunK to be diiiloid. The judgment that SmalFs ])lant also be- 
lonj*s to the diploid raee may be tested In measur(*ment of the ty])e and also 
by determination of the ('hromosome number of plants at Hisino- FaAvn, 
(leor^ia. Torrey and (Iray (1840) state that Nuttall <iave a manuseri])t name, 
aV. Inufoliuni, to a form of aV,. ])ulclu‘1lum in Arkansas. A^ain, on eyto^'eo- 
5^ra])hie data, one ('(insiders that the plant in (piestion wvis probably diploid. 
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SUMMARY 

Forty-five collections of S. pnlchellum^ from representative places in the 
specific area, were examined cytolop:ically: twenty-six were diploid—2/? =22, 
n~ll; sixteen, tetraploid— 2n - 44, n = 22; three, liexaploid— 2ii = 66, = 33. 

Multivalent associations occur at meiosis in tetraploid and hexa])loid plants. 
Some deviants from the 2w-number of 66 were found. 

The species is distributed from Missouri to Texas and from soutliern Illi¬ 
nois throuj?h Kejitiicky and Tennessee to Alabama and Georjria. The diploid 
is found west of the Mississip])i Kiver and in the southern part of the rauj^e. 
The tetraploid has moved from northern Tennessee into K(*ntucky and Illi¬ 
nois. The liexaploid is found in Tennessee where the diploid and tetraploid 
races meet. Tin* cyto^eojrraphic situation in this species is cpiite different 
from that in yievii. The two species are alike, however, in that the tetra¬ 
ploid, once established, in each species has been more effective evolutionarily 
than the diploid: the tetra])loid in botli cases migrated into new territory. 

S. piilchvlluyn ])ossibly arose as the amphidiploid result of the fusion of 
a 6-(*hromosome tendency, now exemplified by t!*ue aV. nevii, with a o-chromo- 
some tendeiK'y, now exemplified by aS\ nufialUanum. This ex])lanation ac¬ 
counts for the marked similarity—resultin<»* in frequent taxonomic confu¬ 
sion—of the juvenile plants of aS\ pulchelhim to nonfiow(*rin^* }>lants of S. 
rierii; it also explains the resemblance of the matured stages of S. pnlchrlh(ni 
and S. nutfalhahuni, an annual within the area of pulchvUum, which is 
likewnse annual. Accordin<»Iy, aV. puJchellmn is to be inter])reted as an amphi¬ 
diploid that has undergone autopolyploidy. 

The three chromosome-number races differ morpholojiically, but the (*yto- 
fjeojiraphic data indicate that only the di])loid has been used- -by Mi(*haux, 
Nuttall, and Small—as a basis for iiomenclatorial desijination of wild plants 
of this species. 

Department of Botany, University of Michigan 
Ann Arbor, Michigan 
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PLANT SUCCESSION ON ABANDONED FIELDS IN THE 
CENTRAL WISCONSIN SAND PLAIN AREA^ 

John W. Thomson, Jr. 

Juiiofni Comity, Wisconsin, is in the part of the central sand ])hiiu area 
which is the bod of Glacial Lake Wisconsin. Here the residual soil of the 
underlying Canibriaii sandstone has been reworked by water to form exten¬ 
sive areas of the Plainfield sandy soil series. In the southeastern ])art of the 
county there are lar^e areas of the Boone sei*ies of sandy soils wliich are 
residual from the Cambrian sandstone but have not been reworked. These 
soils were much cultivated in Juneau County after settlement, which be<»an 
in the eif^hteen-fifties, but their low fertility and their aridity have ('ansed 
their abandonment in this century. As part of a study of the prairie flora 
ill tlie central sand plain of Wisconsin, the succession of plants on some of 
these abandoned fields was observed in Juneau County. 

Funds makiii}^’ possible the field work for this study were supplied by 
the Alumni llesearch Foundation of the University of Wisc-onsin. Tlie studies 
on the abandoned fields were bejiun duriiifi: the summer of 193(1 by Arthur 
Oehmcke and the writer and continued in 1937 and 1938 by the writer. 
Grateful acknowledfiinent is made to Professor N. C. Fassett of the Uni¬ 
versity ol* Wisconsin for constant help and sujr? 4 ‘estions durinji* the proj^ress 
of this study. 1 am indebted to my wife, Olive S. Thomson, for assistance in 
the field and in the iireiiaration of this paper. The ^(‘iierous hospitality of 
Mr. and Mrs. F. N. Hamerstrom, Jr., made available their home as a center 
of operations while the field work was in progress. 

Information upon the dates of abandonment was sup])lied mainly by Mr. 
Leo Laski of Necedah and Mr. Knute Olsen of the Olsen store at Mather. 
Little information upon the date of last ciiltivatioji could be obtained from 
people living? near abandoned fields. Their reluctance may in part be as(*ribed 
to the habit of some people in central Wisconsin of farmin*>r county land. 
When definitely dated fields were located which were on f 2 :round that was 
not too low and wet for the study of prairie plants, they were examined 
during the thr(*e successive years. A total of thirteen separate fields Avere 
observed durinjj: this ])eriod. The detailed data are not presented in this 
paper owinji: to the exi}j:en(*e of space but may be obtained by consulting* the 
writer’s thesis submitted to the University of Wisconsin under the title of 
''Dynamics of some prairie plants in central Wisconsin.” The obsejwations 
of chanfres within an individual field were checked aj?ainst fields of varying 

1 Part of a thesis submitted in partial fulfilment of the requirements for the degree 
of Ph.I). at the University of Wisconsin, 1939. 
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ages and the result exj3resse(l in the chart, figure 1. On this chart the verti¬ 
cal lines represent the observed comjiarative abiindaiK^e of the species; and 
the dotted lines represent the jirobable curve of frequency of each sjiecies. 

DISCUSSION OF THE SUCCESSIONT ON ABANDONED FIELDS 

Fi(*ld work on the abandoned fields in 1937 and 1938 substantiated the 
observations made in 1936,'^ although many of tlie fields had again been put 
under cultivation and observation on them terminated. The rapid succession 
or changes in the flora during the first few years is very mark(*d and later 
changes occur but slowly. While these observations were made on land which 
had been under cultivation for several years and llien abandoned, Mr. F. >5. 
Hamerstrom, Jr., informed the writer that the succession which he had 
observed on ])l()ts which were* plowed and then allowed to lie fallow witli 
neither (*ultivation nor manuring, does not agree in its details with the 
observations noted here. He suggests that the early dominance of ragweed 
whi(*h we observed may be due to tlie manuring of cultivated fields. Tn sup¬ 
port of this suggestion is an observation made by Mr. Wallac'e Orange on 
his prop(‘rty iH*ar Hab(*ot*k, Wood (dainty, in 1938. Here a ditch bank con¬ 
taining much organic matter in the form of peat was bninied over and in the 
burned area arose a dense sland of Ambrosia artemisiifolia. l^)ssibly the 
eai’ly dominaiu'e of tliis ragweed in th(‘ cultivated fields is dej)enden1 U])on 
the presen('(* of (‘onsiderabh' organic matter. 

The flora whicdi becomes established in any given fidd will vai*y, (l(‘j)end- 
ing on a numlau’ of faidoi’s including the ability of the ])lants to produce 
seed and to secui*e dis])ersion of the se(‘d, tin* nearness of the field to a sour^'e 
of s(*ed and tin* ec'ological ('ondition of the field. Th(‘ ocemrrence of some of 
the mo?*e conservative i)raii'ie ])Iants such as Dc.smodiiim ilUnomsc on some 
of the fields is dependent on the proximity of a j)rairie reli(* wlii(*li provided 
a souj*(*e of se(Ml. The othei* |)lants involved in the su(‘cessiou are dependent 
on the same set of facdors. While individual fields will thus vary somewhat 
in the ])lants whi(di are establislied upon th(*m, tlie discussion whicli follows 
embodies the generaliz(*d story of the siicce.ssion. 

In the fields which have been abandoned for but om* year, the flora is 
much the same as during cultivation. Th(*re is an abundance of ragweed 
(Ambrosia ariemisafolia) and sandbur (Cvachras jiaacijlonis). Canada 
Fleabane (Enijeron canadensis) is often very common. Of lesser inqmrtance 
is a large group of Amerii'an weeds of southern disti'ibution. These include 
Mollugo vcrticiUaia, LcpfoJoma cognainm, Lcpidinni apcIaJnm, Oenothera 
rlwmbipelala, Oenothera birntus, Panienm albemarlense, and HeJianthns 
oceidentalis. A few Buro])ean weeds may also become established, including 

2 Thomson, J. W., Jr. 1937. Dynamics of some })rairic jilants in .luncau (bounty, Wis¬ 
consin. Unpublished tln'sis for the degree of M.A., Univ. Wis. 
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Setaria hiteficens, Euphorbia maeulata. Polygonum convolvulus^ and Bumex 
acetosdla. Individual plants of a few prairie species may enter the fields 
during the first year. Among those observed are Euphorbia corollata^ which 
at times may even be common, Andropogon furcaius, and Andropogon 
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species in {ibandoncd fields. 


scoparks. The prairie plants, however, do not attain any promijience in the 
early years; it is only at from nine to ten years after abandonment that they 
become important and they appear to reach a maximum in about fifteen 
years and thence show a slow decline until thirty-seven years, the age of 
the oldest field observed. * ^ 

During the sec'ond year after the field is abandoned there is little change 
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to be observed. Kaj»‘weed, sandbar, and Canada fleabane remain the most 
important species. The prairie plants, rex)resented by Eu])horbia corollnta 
and the Andropogons, have iiu'reased somewhat and a fourth species, Lenpe- 
deza capitata, appears as a prominent invader. Prairie plants are but a 
minor xiart of the flora in the fields at this stafre; the weeds are still very 
prominent, llcdcoma pulegioidca, Agrosik avahra, and Phgsalis virginiana 
ax)pear, Poa comprcs.sa increases, and Myrica (isplf7iifob(i, which is later of 
j^reat imjmrtance, jjcains a foothold. In one field, in T18N USE S2N\V, aban- 
donenl one year iji 1936, sandbar was very abundant. In 1937 it had disap¬ 
peared entirely but in 1938 it had a<^ain become pi'ominent. This is rather 
exceptional, for sandbar is one of the critical species in the succession. In 
most of the fields observed this species disappeared after two years and none 
was ]ires(‘nt in fields abandoned for three years or moi*e except where the 
fields had been disturbed. In tlie older fields sandbar ap{)ears as a result of 
heavy ^razinj^*, as it did in a ten-year field, or as a result of some othei* dis- 
turbaiK'e su(*h as drivinjr a car or wajron across the field. Sandbar then 
appears in the ruts. An attempt was made to see if the seeds of this ])lant 
remained viable in the soil and then g:erminated after disturbance by takiiijr 
some of the soil of a field which had been abandoned for twenty-two years 
and placin<i‘ it in shallow trays in the greenhouse. Several months after¬ 
wards, Mollugo vcviicdUtta, Humvx Ac.closeUa, Poa c(mipvessa from the 
rhizomes, and Anfinnaria sp. had af)peared but sandbar had not. It would 
be int(‘restinji* to know how lonjr the seeds of this s})ecies can remain viable 
wiiile buried in the soil. The ra])idity with which it becomes established in 
freshly cultivated fields on the sandy soils in this county is remarkable. The 
lesser rat»weed, Awhrosia arlvmkiifoUa, ])resents a situation comparable to 
the sandbar. It is abundant durinji: the first three years following* abandon¬ 
ment, th(*n practically disappears, persistin<>: in the fields only as a result of 
f»Tazin<»' or some otlier disturbance. Since this is a valuable* ^^ame bird food 
])lant, it is important that some fields under cultivation, or abandoned for 
not more than three years, he available as a food reserve on »*ame preserves 
in this area. 

Three years aftei* abandonment the amount of rajjrweed decreases slip:htly 
and Canada fleabane becomes more dominant. Lcspvdvza capdata becomes 
slifj^htly more (‘ommon. Oenothera hiennis has also risen in frecjuejicy. Aris- 
tida hasira^nea, Asclepias fnherosa, Helianihns Occidentalis, and Carex 
pcnsylvanica are the imj)ortant new invaders. As already mentioiied, 
Cenchrus panciflorus has disaxipeared in most fields except in disturbed 
spots. 

In the one field observed five years after abandonment Lespedeza capi- 
iata and Euphorbia corollata had increased oreatly. Four other xu*airie 
species appeared in the field*: Coreopsis palmaia, Asclepias fuberosa, Lifho- 
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spermum gmelini, and Andropogon scoparius. These were not abundant. The 
observer unfortunately made no note of tlie weed flora in the field. 

In fields whieh have been abandoned for nine or ten years the eiian^e in 
sueeessions has slowed up somewhat. They are quite similar to four- or five- 
year abandoned fields, althouj^h the prairie species have increased in gen¬ 
eral in numbers of plants and of species. Hicracitini longipUvm, Bapiisia 
leucophaetiy and Dcsmodium iUhweme have appeared. Euphorbia corollaia 
and Lcspedeza capiiala have become important, but there is still much 
Arisiida basiramea and Erigeron canadensis. 

The sinfule observed field of eleven years aji'e of abandonment had been 
so heavily j^razed that the succession upon it could hardly be termed typical. 
The hooves of cattle had so cut up the soil that ^reat quantities of sandbur 
were present and th(‘ plants remaining in the field were mostly species 
unpalatable to cattle. 

Twelve-year fields show an increase in the plants of the ])rairie species, 
especially of Andropogon scoparius, Lcspcdcza capitata, and Euphorbia 
corollaia. Erigeron canadensis and Arisiida basiramea beg:in to drop in im¬ 
portance. Pinus banksiana appears in fields of this a»*e and increases from 
this time on. The patches of Kubus sp. and Mgrica asplenifoUa are becom¬ 
ing*: conspicuous. By the time the fields have been abandoned for fifteen years 
the prairie species have reached their maximum both in number of individ¬ 
uals and in number of siiecdes present in the fields. There is a fairly solid 
turf of Andropogon .scoparius. Lcspedeza capita fa and Euphorbui corollaia 
are very common. Hieraciuni longipilumy Liatns .scariosa, llehanfhus oca- 
denialis, and Lupinus perennis var. occidcnialis are present. Up to this time 
in the succession the distribution of each speedes has been fairly even 
throuf*hout the field but now the various species bcfiin to appear in ])atches 
rather than evenly distributed. This tendency becomes moi’e accentuated in 
the older fields. Probably this tendency is caused in ])art by the severe com¬ 
petition in the field and the micro-conditions within the field limit the distri¬ 
bution of each species. The dominance of the prairie species persists in the 
fields from fifteen to twenty-two years abandoned but in the older fields, 
althoujjfh the same species are present, the patches of distribution of the 
major sf)e(*ies become more pronounced and the shrubby and woody plants, 
Mxjrica asplenifoUa, Kubus sp., Bhus glabra, and Pinus banksxana become 
more [)rominent. Carex pensylvanica becomes more common. 

* Explanation of figures 2>5 

Fio. 2. A field abandoned one year, T20N R5E 86. Ragweed is the most conspicuous 
plant. Fig. 3. A field abandoned three years, T18N R3E 82. Agrosti.s .'<c(ibra sliowing as 
white patches in th(» foreground, Lcajwtleza capitata in the background. Fig. 4. A field 
abandoned fifteen years, T19N R2E 817. Note abundance of Aruiropof/on ncoparius, scat¬ 
tered Finius bmksima. Dark area is Myrica a.splemfolia. Fig. 5. A field abandoned 
thirty-five years, T19N R3E 827. Photo shows scattered Andropogon .*(copariu.*i; vigorous 
invasion by Pinit.s banlc.siana and a single Popnlus grandidrntafa at right. 
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By the time the field has been abandoned for thirty-seven years the forest 
has encroached considerably on the prairie flora. Jack pine, Pinus hanksiana, 
is the dominatinj:^ member of the flora and Popuius grand id mt at a is also 
present. Shrubby plants including Myrica aspl( nifolia^ Corylas americana, 
yoimp: Quercas ellipsoidal is, and Buhus sp. occupy considerable territory. 
Carex peyisylvaniea is common in the sli{*:ht depressions in the field, forming 
an almost eontinuoiis turf. The prairie species have dwindled in importance 
and are present only in a few scattered clumps of Euphorbia coroUafa, 
Andropoyon scoparius, Kocleria cristata, and Lespcdeza capitata, Bapiisia 
lencophaca and Coreopsis palmaia are present as a few plants. Liatris scari- 
osa was ^rowin^* iieai* the field in the open scrub oak woods but not in the 
field itself. 

Later succession (*an be but conjectured, since the oldest field upon which 
observations were made had been abandoned thirty-seven years. In this field 
and on several of the other abandoned fields, younj** oaks w^re jirowin**;. In 
an abandoned field in Monroe County, just west of Mather, there is a thi('k 
jyrowth of jack pine but a few youn<»: oaks are present amoii”’ them. SiiU'C 
the oaks are more tolerant of shadin<^ than the pine, they would survive 
until some accident to the pines would open up a spa(*e for jzTowth of the 
oaks, when they would be^in ^^rowing* rapidly and shade out the younjrer 
pines which mij»’ht start. In this way an interspersion of oaks aiid jack pine 
would result. Throujih the northern part of Juneau County the land whirli 
was cut over and then ke[)t as stump pasture has reverted to oak ajid pine 
woods. The early surveys made in 1851 record mixed foi’ests of oaks and 
pines. While some of the finest stands of white pine in the country wer(‘ 
present in Juneau Comity, they were on the moister soils, ajul the forest 
at the time of settlement was a mixed one. Over most of the area on whicdi 
the white pine formerly grew cultivation and fires which followed the lum¬ 
bering have desti*oyed most of the organi(* matter in the soil. To restore the 
soil to a condition suitable for a flourishing stand of white pine over much 
of the area would require centuries. Accordingly it would appear that the 
climax of su(*cession on the dry sandy soils in Juneau County would be a 
mixed forest of oak and jack pine. Quercus ellipsoidalis, Q. velutina, and 
Q. raacrocarpa are the i)rin(‘ipal oaks involved in the succession. 

The causes of the succession are not at all understood, nor why the 
changes in the flora during the first years after the field is abandpned are 
rapid while later changes are more gradual. In Iowa Shimek'^ found that 
the prairie plants had be(?ome established in a field ten years after it was 
abandoned but that thirty years were required for complete establishment. 
Here in Juneau County the succession of prairie plants is a little slower, 

3 Shlmek, B. Papers on the prairie. Univ. Iowa Studies in Nat. Hist. 5: 1-36. 1925. 
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requiring’ fifteen years, and is never complete, sin(‘e the forest closes in by 
the time a field has been abandoned for thirty-five years. The perennials of 
the prairie flora type may rcqilace the annuals of the weed type in the early 
years because they are better able to start growth in the sprino’ and because 
they have more effici(uit root systems. ]^ut the disappearance of such species 
as the lesser ra^iweed may be dependent upon the rapid oxidation of orjranic 
matter such as manure in the dry sandy soils. Obviously the nutrient re- 
(juirements of the ])lants and their water and liy‘ht relations oii^ht to be 
investi<*ated. Some inquiry should be made into the soil conditions as affect¬ 
ing* the f>:rowth of the plants; for changes within the soil may be responsible 
at least in part for the floral succession. One such type of experimentation 
would be to test the jrrowth of the various important plants in the succes¬ 
sion on soil samples taken from fields of varyinjj’* a^es of abandonment in 
order to determine whether there is an effect of the soil on germination, on 
growth of the seedlinji* or on jrrowth of the mature plant. Both topsoil and 
subsoil would have to be tested. 


SUMMARY 

The plant succession on abandoned fields in Juneau County, Wisconsin, 
is from a weed flora the first f(»w years, with ra]>id (‘hanjies in the succes¬ 
sion, to ])rairie plants whi(*h ap|)ear in numbers at from nine to ten years 
after ttie fields are abandoiuMl, and rea(*h a maximum at about fifteen years 
after the fields have been abandoned. Finally the ])rairie plants decline as 
the forest represented by jack pine and oak becomes the climax. 

SuiM’RioR State Teaiuikrs C()Lle<}E 
Superior, Wtsc’onstn 
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THE TAXONOMY OF THE MONOGENERIC TRIBE 
ELVASIEAE (OCHNACEAE) 

John D. Dwyer 

In 1811 De Ckiidolle described the ffeniis Elvasia^ with a siiigJe species, 
E. calo 2 )hyllea, and placed it in the Ochnaceae. Plaiichon in describing in 
1848 the genus Hosfmannia related it to Elvnsia. In a later work Engler 
made Hostmannia a subsection of Elvasia, combining it with Planchon’s 
subsection Enelva^ia. Van Tieghem, the first worker to introduce radical 
(dianges into the genus, divided Elvasia into 4 genera, grouping the tpiartet 
under the tribe Elvasieae (Klvasiees) and Ilostmannieae (Hostmanniees) of 
the subfamily EJvasiodeae. (lilg in the most recent treatment of tlie genus 
(1825) elected to retain Engler’s 2 subsections. 

This study of the genus Elvasia is a sequel to the author’s work on the 
American species of the Luxeinburgieae.'-' Although fourteen collections of 
Elvasia form the basis of this study of seven species, apparently no jnore 
than nineteen collections of this genus are deposited in herbaria or are cited 
in the literature. Six of my sj)ecific descriptions are based on type material. 

Elvasia is limited to British (luiana, Surinam, Venezuela, and 
Brazil. Several collections made in the western part of the State of Ama¬ 
zonas, Brazil, indicate that this may be the center of distribution of the 
genus. Elvasia iiu'ludes moderately sized trees and shrubs; members of the 
genus are not reported as being of economic importance. According to 
Pittier, in his discussion following the original description of E. carunerisis, 
this species is known among the natives as Mavfeco de Agaa, The brief liis- 
tory of Elvasia suggests that its position in the Ochna(‘eae is a sound one. 
The general structure of the ])istils points especially to its relationship Avith 
the large oclinaceous genus Ourafea. This is evidenced by its usually lobed 
and short-stipitate ovary with axillary placentation. Eacli cell of the ovary 
boars an ovule which in fruit dpvelo})s into an exalbuminous seed. On the 
other hand its affinity with the tribe Luxemburgicae is manifested in the 
constantly slender, crowded, and immersed secondary veins of the leaF- 
blades, a character found in Blastemanlhas and Wallacea of the Luxem- 
burgieae. The scarioiis sepals and the oblong, basifixed, and early deciduous 
anthers borne on slender persistent filaments resemble those of several gen¬ 
era of this tribe. Perhaps the most important character linking the Elvasieae 

1 Named by De Candolle in honor of Francois Manuel D’Klvas, who was, in the words 
of the author (Ann. Mus. Paris 17: 408. 1811) ‘‘jesuite portugais qiii le premier a <^icrit 
sur rhistoire naturelle du Bresil. ” 

2 This study is at present in maniiserij)! form. 
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and tlie Lnxembur^neae is the distinct radial stigmas of the section End- 
vasiih which are strikinj»:ly reminiscent of the sessile radiathig stigmas of 
the Cespcdrzia, Godova, and Rhyfidanihera complex of the Luxembiirs:ieae. 
The tribe Elvasiae stands apart from both the Oiirateae and the Liixem- 
biirjrieae because of the uni(|ue structure of its fruit. Tn this the homoloj^ues 
of the lobes of the ovary dilate laterally from a median disc as ray-like 
stru(*tures; a solitary basifixed seed develops in the hollow of the disc left 
by the abortion of the walls of the carpels.’ The inconstant number of carpels 
found in several species of Elvasia is not found in the «enera of the Luxem- 
burji'ieae and Ourateae. 

While intra*ieneri(*ally the author maintains the two subdivisions Evd- 
vas{(( and Hosfmaniua, which are based on diiferences in the number of 
carp(*ls, further study indi(‘ates that a break in Eudvasta is necessary on 
the basis of sti<*niati(‘ ditferentiation coupled with variations in the number 
of stamens. A third division, EiKsscquiheusa, is proposed in this paper. 
({enei*al studies on the family ()<*hnaceae make it cl(*ar that (*ar])ellary varia¬ 
tions in the spe(‘ies of the American jrenera are rare. In my opinion the 
variation in sti^matic structure in Elvasia is an excM^ption to this stability, 
and is of equal importance as the equally exce|)tio]ial variation in the num¬ 
ber of carpels within the same ^enus. It is an interestinji* fact that fruitinjr 
mat(*rial has been described only from the se<*tion Eudvasia. Whether the 
asteroid type of fruit, which characterizes the two species of this sectioji 
of the »ienus, is found in the 5 sj)ecies of the two other sections only addi¬ 
tional collections of fruiting materials will disclose. One may antici])ate a 
non-asteroid type of fruit for the section Ilosimannia in which the carpels 
are rediu*ed in number to two. 

KEY TO THE SECTIONS 

0\:o\ 4-r) celled; /ilnmeiits of stjmiens (at late antliesis) not exceediii^J^ the 
antln'rs Jii length. 

Stanieiih 7-10; stigmas 4-,I, iimbriate, radial (0.1-0.2o inin. long) 1. Jiiif Jvasia. 

Stamens 10-20 (rarely uj) to 25) ; stigmas nndiffmmitiated 2. JCucsscquibrnsa. 

Ovary 2-celled ; tilainents of stairu'iis (at late antliesis) exceeding tlie anthers 

in lengtli Most)}i{ttnua. 


KEY TO THE SPE(TES 
1. Euclvnsia 

Leaf-hla<les duJI-hrowii aljove. 

Sepals 3, 2.3-3 mm. long; jietals 3 3.3 mm. long; stamens 7-8, tin* lila¬ 
ments 1.3-2.2 mm. long; disc of fruit not olivious, thi‘ ra.\s dis¬ 
tinct l.y marct'seent rugose, 2-3 mm. wide at base 1. K. raloph ifll' (t. 

Sepals 4, 3.8-7) mm. long; jietals 4-4.8 mm. long; stamens 10, the tila- 


Van Tieghein (Ann. Sci. Nat. VIII 16: 408. 1002) gives an excellent description of 
the deyeloimnmt of the fruit. 
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ments 0.4-0.8 mm. long; disc of fruit obvious, the rays almost 
smooth, 4~5 mm. wide at })aao 2. E. qnhiqueloha. 

Leaf-blades cinero-eaneseent above 3* El. canescens. 


2. Euf‘.Ksrqnihrnso 

Leaf-blades 0-8 cm. long; branches of inflorescence subhorizontal, obviously 

unequal 4. E. hrevipediccUafa, 

Leaf-ldades 9-20 cm. long; branches of inflorescence arcuale-asctmding, sub¬ 
equal in length 5. E. esscqiiihensis. 


3. Iloftfmannia 

Sepals subrotund or ovoid-rotund, 2.8-3.8 mm. long; ])etals 4.6-5.(> mm. 

long 6. E. caninen.vii. 

Sejials elliptic to obovate-oblong, 5.5-6.5 mm. long; ])etals (5-9 mm. long. 

7. E. rlvasotdrs. 

The materials eited in tliis pa])er have bc^en seeiired from various Ameri¬ 
can institutions Avhicdi are designated by the following symbols: 

P—Field Museum, (Miicago, 111. 

(t— dray TTerbariiim, (Cambridge, Mass. 

NY—New York Botanical (tarden. New York Oity, N. Y. 

US—United States National Herbarium, Washington, I). C. 

The author wishes to express his a])preciatioii to the dire<*tors of the 
institutions listed above tor their kindness in loaning him spe(*iniens. Special 
thanks are due to Dr, A. C. Smith of the Arnold Arboretum for his criti¬ 
cism of the manuscript. 

Elvasia DC. Ann. Mus. Paris 17 : 422. 1811. 

Hostniannia Planch, in Hook Ic. PI. 8 : pi. 7011. 1848. Vasriia van 
Tieghem, Ann. Sci. Nat. VII 1 16 : 409. 1902. Trichovaseint van Tieghem, 
Ann. Sci. Nat. VIII 16 : 411. 1902. 

Trees or shrubs; leaf-blades subsessile or short-petiolate, coriaceous, 
acuminate, rarely retuse at apex, obtuse to cuneate at base, the costa slender 
and ridge-like, prominent, strigose, and hemisphc'rical in cross-section beloAv, 
becoming evanescent and plane toward apex, the secondary veins immersed, 
slender, crowdcnl, leaving costa sub-horizon tally, the margin entire, sub('al- 
lose, often with minute, a]ipressed, glandular teeth; stipules persistent or 
deciduous, deltoid to acute, axillary; buds subrotund to ovoid; inflorescenc(» 
paniculate, terminal, the flowers solitary or in fascicles on slender, very 
short-articulate pedicels disposed on a smooth angular rachis terminating 
the t\vigs or rarely disposed on axillary branches, the bracts ])ersistent 
or deciduous, carnose, oblong, very obtuse, the margin entire; sepals 3-5, 
quincuncial, carnose, reflexed or patent, soon deciduous at anthesis; petals 
^5, imbricate, (carnose, reflexed or patent, deciduous at anthesis, yellow, 
the veins evanescent and flabellate toward margin, the latter (Uitire; stamens 
7-25, arranged in a circle about pistil, yellow, the anthers deciduous, 2-celled, 
dehiscing by 2 siibterminal sub-auriculate pores usually slit-like at base, 
basifixed, the filaments free, slender, clavate at apex, persistent ((wen in 
young fruit); pistil solitary, the ovary short-stipitate, smooth or lobed, the 
carpels 2-5, fused, forming 2-5 cells, the ovules solitary per (-ell, oblong, 
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subplane, attached medianally or basally, the placentation axillary, the style 
pei’sistent (\ip to immature fruit), subulate, the stigmas indeterminate or 
obviously 2 or disposed as 5 terminal radiate fimbriate projections of the 
style; fruit (known from two species) star-sha})ed, lipiose, a sinj^le dorso- 
veutrally subplane exalbuminous seed developing' in a siiifrle locule, the 
remaininji' ovules and car])ellary walls aborting. 

Tvi»e SPECIES: EJvaslii calophyllfd DC. 

1. Elvasia (^ALOPiiYLLEA DC. Aiiii. Mus. Paris 17 : 422. 1811. Elvasia 
sjyrucci van Tie^hem, Ann. Sci. Nat. VIII 16 : 409. 1902. EJvasfa schom- 
hurgki vaji Tiejihem, Ann. Sci. Nat. VTII 16 : 409. 1902. 

Small trees; leaf-blades usually deflexed, often revolute, oblon^'-lanceo- 
late, 4-6.5 cm. lon^, 2.5-4 cm. wide, ta])erin^ into an acuminate ])oint or 
flat-obtuse at apex, obtuse-cuueate at base; stipules apparently persistent; 
inflorescence termijial, the rachis exceedin**: the uppermost leaves, uj) to 15 
(un. lon^^ the branches sub-horizontal, becoming shorter toward apex, the 
flowers dense, solitary or fascicidate on slender pedi('els ,V8 mm. Ioujj:, the 
bracts slender-subidate, 1-0 mm. lon^, deciduous; sepals 3-4, com'.ave, 
obovate-rotund or obovate-oblon^, 2.3-3 mm. lonj^, 1.2-2.6 mm. wide, the 
veins sub])arallel, irr(‘‘»ular-ascendin^', well-spaced and forminji' toward 
margin a loose flabellate reticulum; petals 4, subecpial, oblong-rectangular 
or suboblonji', 3-3.3 mm. lonj»', 1.3-1.6 mm wide, round-obtuse toward apex, 
taperin*:' slijihtly toward bas(*, the veins evanescent; stamens 7-8, the anthers 
])lump, ovate-oblon<»' to narrow-ovoid, 1-1.3 mm. lonjj^, about 0.5 mm. wide 
at base, the filaments 1 3-2.2 mm. lonj;'; pistil stipitate (for about 0.2 mm.), 
4-5-lobed and -celled, rhomboid in outline, about J mm. wide, the style 1.3- 
2.8 mm. lon^‘, somewhat swollen at base, bearing' 5 radial and fimbriate stif»*- 
nias at apex, each sti^nia about 0.2 mm. lonjr; fruit dull ^ray-black, 4-5- 
rayed, u]) to 2 ('in. in diameter, the rays distinctly rnji'ose and contorted, 
unequal, the disc scar(*ely evident, the seeds orbicular, about 2.5 mm. wide, 
de])ressed above. 

Type Local^iy: Brazil. 

JllusfrdfioH: I)C. Ann. .Mus. Paris 17: pi. .‘>L 1811. 

Di.strfbdfHJH: Known from British Gniana and the State of Amazonas, 
Brazil. British Guiana : Sehoinburyk DiO (F, photo and fraj’*., G, type col¬ 
lection of E. Srhotnburyk}), Schotubiiryk 9il (?) (F). Brazil: Without 
definite lo(*ality or collector, labelled De Candolle (F, photo and frajr. of 
type of E. cdiophyllea); Amazonas: Barra, liio NejiTo, Sffruce 1792 (F, 
])hoto, G, i)hoto, NY, tvpe collection of E. Si)rdrei) ; Santa fzabel, Duckc 
56-(F, NY). 

A thorouj'h seandi of the literature, including'' the mono'irajih in whi(4i 
the original d(*scription is foiiml, failed to reveal the collector of the type 
material or the exact locality in whi(*h the type was collected. E. cdlophyUvd, 
the ty])e specnes is the most (‘ollected member of the ^enus. The reduction in 
the number of stamens (7-8) is its most outstanding' specific floral character. 

2. Elvasia QTTiNQXu:LonA Spruce ex Enjiler in Mart. FI. Bras. 12 (2) : 
353. 1876. Vdsvlid quniquelabd van Tie<*'hem, Ann. Sci. Nat. VIII 16 : 409. 
1902. 

Trees ( ?); leaf-blades often revolute, oblong, 10-15 cm. lonj?, 3-5 cm. 
wide, acute at apex, cuneate-at base; stipules persistent or deciduous, 2-3 
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mill, long:; buds obovate-oblong:, about 4 inm. long*; panicle exceeding’ upper¬ 
most leaves, pyramidal, the branches subhorizontal, the pedicels about 3 
mm. long, the lowermost bracts often persistent, narrow-subulate, 2.5-3 mm. 
long, very acute; sepals 4, concave, oblong, ovate-oblong or rectangular, 
3.5-5 mm. long, 1.5-3 mm. wide, obtuse at apex and base, the veins few, 
well-spaced, parallel-ascending, flabellate toward margin; petals 5, obovate- 
oblong, 4-5 mm. long, 2-2.5 mm. wide, obtuse at apex, cuiieate at base; 
stamens 10, the anthers linear-rectangular, about 3.5 mm. long, about O.B 
mm. wide, the filaments 0.4-0.8 mm. long; ovary smooth or distinctly lobed, 
3~5-celled, rhomboid or subrotund in outline, about 0.9 mm. long, often 
wider than long, the style slender-subulate or thick-subulate (up to 0.5 mm. 
wide at base), 3-3.5 mm. long, the stigmas 5, fimbriate, radial, each stigma 
about 0.15 mm. long; fruit 4~5-lobed, 1-1.5 cm. in diameter, the rays red- 
brown, subsmooth, 3-5 mm. wide at base, the partitions persistent above, 
slender ])rominent, the seed about 6 mm. wide. 

Type Locality: Rio Guainia and Rio Negro, above mouth of Rio Casi- 
quiare, Amazonas, Brazil. 

Illusfratio7i: Eiigler in Mart. PI. Bras. 12 (2) : pi. 71. f. 1. 1876. 

Distribution: Known only from the type locality. Brazil—Amazonas*. 
Rio Guainia and Rio Negro, above mouth of Rio (-asiquiare, Spruce 3513 
(3398) (P, G, photo and type collection). 

This species is obviously related to E. calophyllea; it is distinguished 
from the latter by being stouter in all its parts and by its distinctly oblong 
leaves. 


3. Elvasia oanescens (van Tieghem) Gilg in Engler & Prantl, Nat. 
Pflanzenfam. ed. 2. 21 : 77. 1925. Trichovalesia caiiesceus van Tieghem, 
Jour, de Bot. 16 : 205. ]902. 

Small trees, 4—5 m. high ; leaf-blades a.shen-brown or Avaxy-fariji()s(^ above, 
canescent, brown beneath, obovate-oblong, about 5 cm. long, 2 (*ni. wide, flat- 
obtuse to deltoid (often retuse and truncate) at apex, snbcun(‘ate at base, 
the margin with minute purple hairs about 1 mm. apart, curved downward; 
stipules persistent, subdeltoid, about 1 mm. long, about 1 mm. wide at base! 
acuminate; panicle terminal, pyramidal, about 8 cm. long, the branches 
slender, subhorizontal, densely flowered, the flowers solitary, the pedicels 
about 5 mm. long, the bracts concave, narrow-deltoid or sulmlate, about 3 
mm. long; sepals 3-4, unequal, reflexed at anthesis, obovate-oblong or oblong, 

2.3- 4.3 mm. long, 1.2-2.7 mm. wide, obtuse to flat-obtuse at apex, obtuse at 
base, the veins 3-6, conspicuous or evanescent, branching flabellately above 
middle; petals 3-5, unequal, obovate-oblong or oblong, 2.6-5 mm. long, 1.3- 
2.5 mm. wide, round-obtuse or deltoid at apex, obtuse-cuneate af base, 
stamens 7-12, the anthers plump, linear-ovoid to elliptic, 1.35-1.5 mm. long 
0.^.8 mm. wide, the filaments 0,7-1.6 mm. long; pistil stipitate, the stipe 
O.J—1 mm. long, the ovary 4—6-lobed, the lobes drooping, compresj^ied-rhom- 
boid in shape, 0.5-1 mm. long, 0.8-1.1 mm. wide, the style thickly subulate, 

1.4- 4.5 mm. long, the stigmas 4-6, terminal, radial, and fimbriate; fruit not 
seen. 

Type Locality: San Fernando, Atabapo, Amazonas, Venezuela. 

D^strihutwn: Known from the type locality and from the state of Ama¬ 
zonas, Brazil. Venezuela—Amazonas: San Fernando, Atabapo, Gaillard 
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168 (F, i>hoto and frag, of type). Brazil—Amazonas; Rio Curioiiriary and 
Rio Negro, Ducke ,^66 (F). 

Of the seven species of Elvasia listed in this paper, E. caiiesccns is the 
most easily recognized, because of the distinctly canescent upper surface of 
the leaf-blade. 

4. Elvasia brevipedickllata Ule, Notizbl. Hot. Oart. Berlin 6: 339. 1915. 

Trees 5-10 ni. high; leaf-blades oblong, 6-8 cm. long, 2.5-3.5 cm. wide, 

acuminate at ajiex, wide-cunoate at base; panicle 3-5 cm. long, shorter than 
leaf-blades, the branches unequal, very short, the pedicels 3-4 mm. long; 
sepals 4 or more, about 6 mm. long, 4 mm. wide; jietals subequal in length, 
s])atulate-ellii)tic, about 6 mm. long, 4 mm. wide; stamens 20-25, the anthers 
exceeding the filaments in length, the latter about 1 mm. long, the anthers 
about 2.5 mm. long; ovary 5-celled, ovoid, about 1 mm. long, the style fili¬ 
form, about 2 mm. long; fruit not seen. 

Type Locality: Mt. Roraima, 1900 m. alt., British (Tiiiaiia-Venezuela 
boundary. 

Distribution: Known only from the ty])e locality. British Guiana— 
Venezuela boundary: Mt. Roraima, 1900 m. alt., Ule 8664 (G, photo of 
type). 

While the above (lescri])tion is based on a photograph of the type and on 
Ule’s original descri|)tion, there seems to be no doubt that this sj)ecies is 
relat(*d to E. essetpnhensis Unfortunately Tib* does not dis(*uss its stigmatic 
structure, but tin* number of stannms surrounding 5 carpels is a strong indi- 
(*a1ion of its relationship with E. essf quibcnsis. 

5. Elvasia kssi.qpibensis Engler in Mart. FI. Bras. 12 (2) : 354. 1876. 
Hostrnannia essequibensis van Tieghem, Ann. S(*i. Nat. VTTT 16 : 414. 1902. 

Small ti*ees oi* shrubs; leaf-blades dull gray-brown above, oblong, 9-20 
cm. long, 3.5" 8 cm. wide, conspicuously attenuate-apiculate at apex, the 
blade fr(*(iuently splittijig along the secondary veins, the margin subrevolute, 
entire, with minute black-glandular teeth, up to 0.5 mm. long; sti])ules i)er- 
sistent, elongate-d(*ltoid, 3-5 mm. long, acute; buds rotund or oblong, about 
3 mm. long at maturity; infloresceiUM* terminal, ])atent-paniculate, the 
dowel's in dense fascicles on the arcuate-ascending subequal branches, the 
latter equal to or exc'ceding the iqqiermost leaf-blades, the pedicels 2-4 mm. 
long, the bracts widely subulate, up to 3 mm. long, attenuate at ajiex; sepals 
5, un(*(|ual, oblong, oblong-n*ctangular or obovate-oblong, 2.8-4.2 mm. long, 
2-2.3 mm. wide, obtuse at a])(*x, obtuse to subcuneate at base, the veins 6-8, 
conspi(nious, well-spa('ed ; petals 5, oblong-obovate, obovate-rotund or oblong, 
4.7-5 mm. long, 2.3-4 3 mm. wide, obtuse (frequently retuse) at apex, sub- 
obtuse to cuneate at base, the median veins distiind, the lateral veins usually 
evanes(*ent and tlabellate; stamens 11-18, the anthers linear-rectangidar, 
2.2-3.2 mm. long, ().5-().8 mm. wide, the filaments 1-1.3 mm. long; ovary 
very short-stipitate, the stipe up to 1 mm. long, 4-5-eelled, 0.7-1.3 mm. long, 
the style 2-4.5 mm. long, often contorted or transvei*se-rugose, constricted 
and markedly truncate at apex, the stigmas a plane surfa(*e; fruit not seen. 

Type Locality: Essecpiibo River, British Guiana. 

Illustration: Engler in Mart. FI. Bras. 12 (2) : pi. 71, /. 1876. 

Distribution: British Guiana. British Guiana: Mazaruni & Cuyuni 
Rivers, Graham 453 (NY) ; Rssequibo River, Jenman 1325 (NY). 
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This species is readily recognized by its constantly large and markedly 
oblong leaf-blades and arcuate-ascending branches of the inflorescence. 

6. Elvasia cart^nensis Pittier, Bol. Soc. Venez. Cien. Nat. 6 (41) : 75. 
1939. 

Trees up to 15 m. high, the branches above middle of trunk; leaf-blades 
narrow-lanceolate, 7-15 cm. long, 2.5-4.6 cm. wide, mnite and narrowly 
a(unninate at apex, cuneate at base; stipules deciduous, striate, deltoid, up 
to 5 mm. long, the free lobes deltoid and long-acuminate; buds rotund, about 
2.5 mm. wide; inflorescence terminal, not exceeding uppermost leaves in 
length, pyramidal, the flowers fasciculate on the horizontal whorled branches, 
the pedicels long, the bracts subconcave, widely subulate-deltoid, up to 8 mm. 
long; sepals 3-4 smooth, unequal, subrotund or ovoid-rotund, 2.8-3.8 mm. 
long, 2.6-3 mm. wide, obtuse at apex and base, the veins parallel-ascending, 
well-sj)a(*ed, branching loosely above middle; petals 3-4, reflexed at anthe- 
sis, obovate or obovate-oblong, 4.7-5.6 mm. long, 2.2-3.3 mm. wide, obtuse 
at apex and base, the veins dabellate and immersed; stamens 15-21, the 
anthens plump, ovate-oblong, 2-2.3 mm. long, about 1 mm. wide, the fila¬ 
ments 1.2-2.5 mm. long; ovary smooth, rotunil or rhomboid, 1.2-2.4 mm. 
long, 1.2-1.5 mm. wide, 2-celled, 2-ovuled, the style thick-subulate or slender 
and contorted, 1.7-7.5 mm. long, the stigmas undifferentiated or the style 
grooved above the middle and bearing two lateral stigmatic* surfaces at apex; 
fruit not seen. 

Type LocaUty: El Pescado, Bolivar, Venezuela. 

Distribution: Known only from the type lo(»aIity. Venezuela—Bolivar: 
El Pescado, 140 m. alt., Lteivvlyn Williams 1152r) (F, NY, type collection). 

Pittier, in his discussion following the original description of E. carunvn- 
siSf states that the number of stamens is constantly 17. My (‘ounts of tlie 
stamens in type material show them to vary from 15-21. This species shows 
its clase relationship with E. elvasoides in its vegetative* habit as well as in 
the number of the stamens, length of the fllaments, number of the cells of 
the ovary, and its stigmatic differentiation. Notable differences are appar¬ 
ent: E, carunensis has smaller flowers, subrotund or ovoid-rotund sepals, 
and the usually rhomboid-shaped ovary. 

7. Elvasia elvasiodes (Planch.) (lilg in Engler & Prantl. Nat. Pflanzen- 
fam. Ill 6: 145. 1893. Hostmannia elvasiodes Planch, in Hook Ic. PI. 8: 
pi. 709. 1848. Elvasia Hostmannia Planch. Loud. Jour. Bot. 5: 648. 1846. 
Hostmannia Sagoti van Tieghem, Ann. Sci. Nat. VII1 16: 414. 1902. 

Trees; leaf-blades oblong to oblong lanceolate, 5-8 cm. long, 2-3.5 cm. 
wide, abruptly acuminate at apex, cuneate at base; stipules persistent, black¬ 
ish, widely subulate, 3~4 mm. long, the margin erose; buds subrotund, about 
4 mm. long at maturity; inflorescence terminal or on axillary bram'lies, 
equal to or exceeding the uppermost leaf-blades in length, compressed ])yra- 
midal-paniculate, the branches subhorizontal or obviously ascending, the 
flowers dense, solitary or fasciculate, the pedicels slender, 4-9 mm. long, 
the bracts concave, oblong or rectangular, about 3 mm. long, the margin 
hyaline or somewhat irregular; sepals 4, reflexed at anthesis, thin-carnose, 
subequal in length and width, elliptic to obovate-oblong, 5.5-6.5 mm. long, 
3-3.5 mm. wide, obtuse to subdeltoid at apex, obtuse to subcuneate at base, 
the veins about 6, well-spaced and parallel-ascending; petals 4, thin-carnose, 
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unequal, refiexed at aiithesis, obovate-spatulate, obovate-oblonj^, or obovate, 
6-9 mm. long, 3-4 mm. wide, obtuse at apex, wide-(Mineate to obtuse at base, 
the veins few subflabellate from a somewliat swollen midvein; stamens 17-21, 
th(‘ anthers oblong, about 3 mm. long, 1 mm. wide, the filaments slender, 
2-3.6 mm. long, exeeeding anthers in length; ovary smooth, vaguely lobed, 
ovoid-rotund in outline, 1.1-1.6 mm. wide, the style sub])lane, subulate, thiek- 
ened toward base, 2-gro()ved above middle, 5-6 mm. long, the stigmas 2 or 
simydy indeterminate, the ovary 2-eelled, tlie 2 ovules about 0.8 mm. long, 
attaehed sub-basally; fruit not seen. 

Type Lomhiy: Duteh Guiana. 

Illustration: Planeh. in Hook, Te. PI. 8: pi. 709. 1845. 

Distribution: Freneh and Duteh Gnianas. DrTeji (iUIAnA: Ilostniann 271. 
(F, type eolleetion); Marowyne Kiver, KappUr 1720 (P). PRENrn Guiana: 
Karonany, t^ayot 7s(i (F, ])hoto and frag, of type of Hostmannia Sagoti). 
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KAIETEUREA, A NEW GENUS OF THE OCHNACEAE 

John D. Dwyer 

Kaieteurea Dwyer, ^en. iiov. Arbores vel suffnitiees; laminae simpli(*es, 
siibsessiles a<l apieem ramuloriim i)ersisteiites eoriaeeae, eosta siii)ra inl’raqiie 
prominente, venis seeiindariis evaiieseentibiis prominulis vel submersis, iiiar- 
gijie intejiTO; ^jeinmae ovoideae; stipniae ovoideae (*adu(*ae; iiifl()i*es(‘eiitia 
tei’iniiia]is floribiis solitariis, alibns in ramis raeemosis axillaribiis et alibns 
in panienlatis rhacdiidibiis vir^as terminantibus dispositis, pedieellibus re- 
eiirvatis ^raeilibiis, braeteis persistentibus aiit eadneis parvis obtiisis mar- 
{»ine intejiTo; sepala 2 (rare 3). <)])l)osita aiit alterna in jieninia eonereseentia 
mar^'inibns non-inibrieatis earnosa ])ersist(‘ntia (in etiani frnetu) ; petala 
3-4 niox deeidua earnosa oblonj»'a niar^ijie inlejiro; stamina 10, antlieris niox 
deciduis transverse-rii^osis lineari-reetan^ularibus 2-poris terminalibiis de- 
hiseenlibns, tllanieiitis liberis subnull is; pistillum solitarium, ovario sti])itato 
in annulum 5 earpellis dispositis 5-Joeularibus ovulo solitario in uti'oque 
loeulo, stylo uno termijiale subulato, slijrmatibus nullis; fruetus sti])itatus 
solitaria drui)a dispositus rotuiidatis sej)alis involutus, semini solitario 
exalbuminoso. 

Thh's or shrubs; leaf-blades simple, subsessile, persistent at the apiees of 
the branelies, eoriaeeous, the midrib prominent above and below, the lat(u*al 
veins evaneseent or immersed, the marj»in entire; buds ovoid; stipules de- 
eiduous; inllores(‘euee terminal, the flowers solitary, some arranjzed on raee- 
mose axillary branches, others on a panieulate racdiis terminating* tlie twijr- 
lets, the pedicels slender, recurved, tlie bra(*ts persistent or deciduous, small, 
obtuse, the marj>iii entire; sepals 2, (rarely 3), fused in bud, op])osite, car- 
nose, persistent (even in fruit) ; petals 3- 4, soon deciduous, carnose, oblong, 
the marjifin entire; stamens 10, the anthers soon deciduous, transversely 
rugose, linear-rectanj»'ular, dehiscing* by two terminal ])ores, the filaments 
free, scarcely measurable; pistil solitary, the ovary stipitate, 5-(*ar])ellate, 
the (*arpels arran<»ed in a rin<>:, »^-celled, a single ovule in each cell, the style 
solitary, terminal, subulate, the stij»:inas noii-differentiated ; fruit stipitate, 
solitary, drupaceous, rotund, enclosed by the j)ersistent sepals, the seed soli¬ 
tary, exalbuniinous. 

(^arpellarv studies leave no doubt that Kaiefciirin is related to the o(*li- 
iiaceous jienus Ouratcu, well-known to workers in the floras of the new and 
old worlds. The five fused and uniovulate (one ovule per loc-ule) carpels 
arranj^ed iij a circle atop a conspi(*uous stipe and terminated above by a 
subulate style with undifferentiated stifrmas are unmistakably similar in 
both f>enera. Kaivfcnrca, while similar to O.urafva in ve^ietative habits and 
structfire, shows marked differences in its fruit and flowers. Tn fruit, the 
torus becomes li<»nose, scarcely expands, and bears a sinj^le drupe (mcased 
in the two erect persistent sepals. The absence of endosperm in the seed 
places Kaiefcnr(^a together with Onraiau Ochva, Hrnckcnrnhjea (Oura- 
teae), and Elvasia (Elvasieae) in tlie primary subdivision of the Ochnaceae, 
Exalbuminosae. On the basis of fruit structure further study may prove 
that Kaieteurea is deservinjr of tribal rank. The floral differences are equally 
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vstrikiii^. The new s'enus, unlike any other American »enus of the Oehnaceae, 
frequently has one i)air of oi)posite sepals; this is a marked deviation from 
the (juincuncial arrangement of the sepals which typifies Ouraiea, Elrasia, 
and the majority of the <»enera of the Luxemburjrieae. The mai’ked reduction 
in the number of se])als to 2 is a condition not met with in the above jrenera 
and tribe. Critical examination of the marfi^ins of the sepals of Kaieieurea 
shows that these are fused iii the bud and at anthesis are torn apart. The 
persistence of the se])als as well as their erect habit in the fruit point to the 
relationshij) of the new ^enus to the Luxembur^ieae, many of whose jrenera 
liave the sejials persistent and erect in the fruit. Acconqianyinj^’ the marked 
reduction in the number of sepals is a frecpient reduction in the number of 
jietals to lb (hiratca, with the exc(‘ption of odd and obviously abnormal flow¬ 
ers, is distinctly ])entamerous. The biporous, linear-re(‘tanj»*ular, and trans¬ 
versely ruji’ose anthers of Kiueic urea, which are borne on scarcely measurable 
filanumts and disjioscMl in a sinjile cin-le at the base of the stipe, are the pro- 
1otyi)es of thos(‘ of Ouratva This relationshi]) is further manifested in the 
constancy in the number of the stamens. 

Kau fcuna derives its name from the Kaieteiir Savanna, lU-itish (luiaiia, 
vvhei*e the typ(*-sj)e(des was (*oll(*(*ted. Potaro Landine*, Kaieteiir Savanna, is 
the home of a ('onsiderable iiiimlxu’ of endemic's. 

Kaieteurea gillyana Dwyer, sp. nov. Arbores vel suffrutices; folia ad 
apicem ramuloruni conferta; iietiolo brew i, cij-cular 11-8 mm. longo suffulta, 
lamina ascendente (‘oriacea brunnea rigida glabenuma oblonea, »‘]-5 (un. 
longa, 1.2-2.5 lata, ad ajiic'cm et ad basim distiucte cum^ata, costa supra in 
culmiiKun elevata, circ*. 0.5 mm. lata, su])ra prominente infra longitudino- 
striata ad basim circ. 2 mm. lata apic'C evanesc'entc*, nervis secundariis 
subobscuris, alibus paiu'is distaiitibus arcuato-asc'endeiitibus ])rominuiis 
juxta coslam margine sub])rominentibus, alibus multis (‘rebris irre^u- 
laribus a c'osta ad fiu<»ulum 80^ abeuntibus, margine integro; gemmae 
ovoideae, circ. 5 mm. loiigae, acuitissimae; infloresc'cntia ad apicem virgarum 
multis ramis ra<*(*mosis ah superiorum laminarum axillis singulatim 
orientibus (*t in niodiim ])aniculae ('aulem exti'aheutis dis])osita latidu- 
dine subaecpialibus (*t vix longioribus su])erioribus rhachidibus ramisque 
lignosis angularibiis striatis subtorti.sque, floribus (u-ebris, pedicellis recur- 
vatis, 0,5-1 cm. longis, graculi-marcescenti-striatis singulatim dis])ositis, 
brac'teis persistentibus aut deciduis concavis oblongis, ('ire*. 1.5 mm. longis; 
sepala 2 (rare 8), oi)posita persistentia (in etiam fructu) rnbro-brunnea 
carnosa longitudine vix marcesctuiti-striata ovata vel ovato-rotunda, 5.5-6 
mm. longa, 4.5 mm. lata, ad ai)icem late deltoidea ad basim obtusa; ])etala 
8-4 siibaecjualia caduca carnosa riibro-brunnea (’0 oblonga, circ. 7.5-8 mm. 
longa, 8-3.9 lata, ad ajiicem obtusa retu.saque (sinu circ. 0.5 lata) ad basim 
obtusa; stamina 10, unisej-iata, anthera transvTrse-rugosa rubra liiu'ari- 
rectangularibus sae])e in medio geniciilatis, circ. 5.5 mm. longis, ad basim 
1-1.5 mm. latis, 4-locularibus interioribus (eorum) vix brevioribus augusti- 
oribus ad apicem biporosis; pistillum solitarium stipitatum (stipite 0.5-1 
mm. longo), ovario carnoso 5-loculare 5-ovulato aequale distineteque lobato, 
depresso-rotundo, circ*. 1.5 mm. lato, circ. 0.6 mm. longo, ovulis loculos com- 
plentibus siiblongis, circ. 0.5 mm. longis, basitixis, stylo-filiformi, circ. 4 mm. 
longo, stigmatibusiiullis; fructus stipitatus (stipite recto nigro lignoso mar- 
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ceseente davato, eirc. 2.5 mm. lon<?o, apiee 2.5 mm. lato) vix marcescens 
rotimdatiis sepalis involutis, semiiii solitario exalbumiiioso. 

DistrUnifion: Known only from the type locality. British Guiana: 
Potaro Landing, Kaieteiir Savanna, Jenman 863 (NY type). 

This species is named for Mr. Charles Gilly of the New York Botani(‘al 
Garden who by his eriti(*ism assisted the author in his preliminary constriu'- 
tive work on the ()chna(*eae. 



B V L L E T 1 N () F T H E T O R R K Y H O T A .\M C A L C L TT R 
Voi~fo7No. I, P]>. r):i-57 January, 1943 


THE STATUS OF DISTICHLIS DENTATA 

John K. Kekdek 

While studyiiij*' grasses (‘olleeted in Eastei'ii Orej*oii in the summer of 
394], file writer was iiu])ressed with the diffieiilty of separating Distichlis 
dnitaiii Rydb. and D. airicta (Torr.) Rydh. None of the available keys was 
satisfactory and even the orij^inal description of I), denfata seemed vaj*:ue. 
In view of this apparent confusion, a critical study was made of these two 
s])ecies and tlie conclusions reacdied are here j)resenled. 

For materia] kindly loaned for study, in addition to his own specimens 
and the colle(‘tion at Orejion State Collefie, the writer herewith exi)resses his 
api)re<*iation to the United States National Herbarium, the Ro(*ky Mountain 
Herbarium, and the University of Orejion. He is especially indebted to the 
New York Botajiical (Jarden for the loan of tyj)es. Thanks are due also to 
Mrs. A^nes (^hase for j>ersonal selection of s])(‘cimens and for criticism of 
the manuscript and to J)r. H(*len (lilkey for su»j:*<.»estions jziven throiijrhoiit 
the ])ro^ress of the study. 

Rydberji* (1JKJ9) des(U*ibed Disficddis doitdfif as ditTerinji* from D. sfricta 
and 1). spicatfi “in the broader leav(‘s, lar^j'er and broader spikelets, larp:er 
and broader floral flumes and palets in the pistillate ])lants, and in the dis¬ 
tinct dentations on the keels of the latter.'’ He idted (M)1 lections from AYash- 
inc'ton, ()re<>()n, Saskatchewan, and Nevada 

Fassett (1925), (*ommentin^ on Rydberjz’s description, states: “In all 
these ('haracters T). sfncfd is extremely variable, and while the conspicniously 
dentate paleas appear at first to be distinctive, this chai’acter bi*eaks down 
wheji it is seen that almost all of the plants have the lemmas* somewhat 
dentate, and there is a diflVrence oidy of decree.He jdaces D. dnitata in 
synonymy with D. sfncfa. 

Hitchcock did not recognize either J). sfncfd or I), dcnfdin until some 
time after 3923. In his (ioicrd of Grasses (1920) and in Abrams’ IlUistratcd 
Flora of flic Pacific Sfafes- (3923) botli />. sfricta and 1). denfata are listed 
as synonyms of J). spicata. However, in his Manual of Grasses (1935), 
Hitchcock recognized both of these species. His maps show 1). sfricta occur¬ 
ring in every state west of the Mississippi except Arkansas and Louisiana; 
D. denfata is listed as occurrinj*: only in Washington, Orejion, Idaho, Colo¬ 
rado, Nevada, Arizona, TTtah, and Northern (California. 

Detailed study of the types of D. denfata and 1). sfricta, as well as of 
s})ecimens from 37 western stales, convinces tlie writer that D. denfata is not 

^ This is obviously an error. The word ‘Menima^’ should be ]>ah‘:i. 

2 Key to the Grasses by A. S. Hitchcock. 
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a good iipecies. The problem is complicated by the fact that the genus 
Distichlis is dioecious, ('lomparisou of specimens labeled D. dentata wuth 
those labeled D. siricta iiuli('ates that the former has been separated entirely 
on the basis of the characteristics of the pistillate plants. Table 1*^ is a com- 
})arisoii of these two sf)ecies without regard to sex. 

TABLE 3 


1). strict a D, dentata 


Leaf width in iiiiii. 

Flo rets per spikidet 
Width of spikelet in nun, 
Tiength of spiktdet in niin. 
Width of lemma in mm. 
Lim^lh of lemma, in mm. 


i .f)-:!,.) 

i.5-4.0 

5-18 

5-15 

3.0-5.5 

4-r» 

8-27 

30-20 

Lr>-2.2 

1.8-2.5 

4.0— / .0 

4.5-7.0 


It will be noted that all the characters compared above, with the exeeyitioii 
of ‘‘florets per s])ikelet,” were used by Eydberg to sei)arate 1). dentata from 
B. striefa. Examination of table 1, however, shows that there is so much over¬ 
lapping that these characters are not diagnostic. 

Hitchcock (1935), in his key, separated D. dentata from 7>. alneta on the 
basis of the dentate palea-keels ])lus relative length of lemma to palea.** In 
his description he stated that tlie ])anicles of D. dentata are usually “over¬ 
topped’’ by the leaves. The following table is a comparison of staminate and 
pistillate plants regardless of the name on the label. 

TABLE 2 


Staminat(? Pistillate 


Keels liroadly winged 

K(‘el wings prominently serrulate 

Panicles exceeding the leaves 


Examination of the paleas of the pistillate plants labeled D, dentata 
revealed that none of them is strictly dentate, while all are serrulate or 
serrnlate-lacerate. This is also true for the pistillate plants labeled D, stricta. 
In both of these “species^' the width of the keel varies from extremely wide 
to rather narrow, but the wing is always evident. In the staminate plants the 
palea-wings are entire or very slightly serrulate,'^ and are always nari'ower 

y The data prcscnited here represent a compilation of measurements made on all tin* 
specimens studied. 

* In the Manual, 7>. dentata is said to have paleas longer than the lemmas, in contrast 
to />. spicaia and D. stricta in which the lemmas exceed the paleas. However, Mrs. Agnes 
Chase, in a letter to the writer’s wife, says that this is an error and that the two state¬ 
ments should be reversed, i.e., 1). dentata has i3aloas shorter than the lemmas. 

5 Under a magnification of 20 diameters or more, in addition to serrulations, fimbria- 
tioiis may also be seen on the wing-margins in both staminate and pistillate plants. 
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than ill pistillate plants (fi**;. 1). It was further noted that the paleas are 
shorter than the lemmas in jiraetirally all spikelets of the pistillate plants 
of the ^enus; while in the staminate jilants the paleas are usually as lonj? as, 
or l()n<rer than, the lemmas. Also the ])anieles of staminate plants usually 
exceed the leaves, while in ])istillate plants the leaves commonly “overto])^’ 
the pani(‘les (fis*. 2). It is readily seen that these characters, which have 
been used to sejiarate sriecies, are merely distinctions between the sexes. 

A very sijrnitii'ant fact disclosed by this study is that 100 per cent of all 
sheets label(‘d I), doifuin contained jiistillate jilants; while only 30 per cent 



Fkj. 1. I’ah'.Ms of DishcJihs slnriti 5. Pistilljitc nbovi*; iioti* aci y Avidc kotd and ])r()mi- 

Jicnt s(*J i Illations. »Stnininnti* IioIoav; note nnrroAv keel-wiiifjs and almost total absence of sernila- 
tioiis. Fkj. 2. Disfirhhs stricfa. Staminate plants on tlie left; note that the jianicle is borne well 
aliOM* the leaves. Pistillate jilants on the right; note that the leaves exceed the ]»anicle. 

of those labeled 1). sirivta ('ontained ])istillate iilants. Indeed the type speci¬ 
men ot‘ D. (Iv)ifat(i is pisli]lat(‘, while that of 1>. stricfn is staminate. 

Staniimite jilants were rare on sheets labeled />. (Ivniaia; when they w’cre 
present they differed in no (‘ssmitial character from those on sheets labeled 
D. stricifi. On the other hand, 70 ])er cent of the sheets labeled I), stricfa 
contained staminate plants alone. Pistillate ])lants on the sheets labeled I), 
stricia often have all the characters described for I), dciitata, although the 
width of the keel is variable as previously mentioned. However, when ])lants 
having the characters of I), dnitata have been obs{‘rved in the ffeld by the 
writer, staminate plants have ])redominated. On numerous occasions it has 
recjuired patient search before jiistillate plants could be found. In view of 
these facts it seems obvious-that D. dcniaia has been segregated from I). 
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stricia soleJy on the basis of the eharaeter of the pistillate plants. In almost 
any collection the pistillate plants could readily be referred to I>. dentaia 
and the staininate to Z>. siricta. This evidence indicates that I), dentaia Rydb. 
should be reduced to synonymy under D. atricta (Torr.) Rydb. 

SPECIMENS EXAMINED 

Specimens from the following herbaria have been (‘onsiilted in making 
this study: United States National Herbarium, Washington, D. C. (US); 
Oregon State (k)llege, (Corvallis, Oregon (OS); University of Oregon, Eu¬ 
gene, Oregon (UO) ; Roeky Mountain Herbarium, Laramie, Wyoming 
(RM) ; and Ne^v York Botanical Garden, New York (NY). 

California: Hitchcock ((^), US; Silveas 2855 ((^), US. ('olorado: 
Johnson 1031 (J), as T>. dentaia, US; Rollins 1957 ((^), US. Idaho*. Chase 
1767 (cf & 5), as I), dentaia, US; (\ P. Smith 1772 (c?), US. Kansas: 
Thompson 25 (^), US. Minnesota: Hotchkiss d' Jones 3997 (J' & $), US. 
Missouri: Hash 6160 ($), US. Montana: Williams ct; Griffiths 233 (J'), US. 
Nebraska: Clements 2810 (J), US; Hapemayt in 1926 (^), OS; Riplberp 
1811 (J' & 5), US; Thomson 335 (J), US. Nevada: Heller 10558 (J' & $), as 
D. dentata, (IS; Tidestrom 10117 & 5), as />. dentaia, US; Train 2192 

(9), as D. dentaia, US. New Mexico: Hardies in 1936 ($), US; Dr. James, 
sources of the Canadian (J'), (type), NY. North Dakota: Hitchcock 5059 
(c?)i Tnnnetl in 1913 (5), US. Oklahoma: Clemens 11189 ('J), US; 
Stevens 660 (J'), US. Oreoon: Anderson in 1935 (^J'), UO; Cnsick 1918 
(c^ & $), UO; Elder 113 (& 5), as D. dentata, US; Fleischman in 1934 (J), 
OS; Gilkcjj in 1932 (c? & ?), OS; Griffiths d; Morris 501 (c?), US; Henderson 
8172 ($), TIG; Ingram B673 & $), OS; Ingram in 1917 ($), OS; Johnson 

in 1932 (c?), OS^;Knehner in 1927 {^), 0^;Leiherg 463 (?), UO; 712 (c?), 
US; 712 ((^ & 5), UO; 2387 (J), as 1). dentaia, US; Parsell 269 (J^), OS. 
South Dakota: Griffiths 355 (?), US; 202 (J'), US; Wallace 6 (^), US. 
Utah: Garrett 5201 (J), as D. dentaia, IkS; Harrison 293 (J'), ITS. Wash¬ 
ington: Elmer 508 ($), as 1). dentaia, US; Leckenhg in 1898 (J'), US; 
Sandberg d Leiberg 251 {(^), US; 463 (J), as I), dentaia, US & RM (tyj'E 
ol* D. dentaia at NY); in 1893 (J), as D. dentaia, RM; Sprague in 1938 (5), 
OS; Va.sey 4 (^), US. Wyoming: Merrill 12 & $), US; Nelson 8175 (J'). 

US. 

SUMMARY 

Study of numerous collections of Distichlis from 17 western states shows 
that D. dentata is not distinct from D. stricta. These two ‘‘species’^ cannot 
be separated on the basis of staininate plants and only arbitrarily on the 
basis of fiistillate plants. The basis for segregation of D. dentaia has ajipar- 
ently bfen the characters of the pistillate plants, as no single collection of 
staininate plants has been referred to this species. D. dentata is reduced to a 
synonym of D. stricta. 

Department of Botany, Oregon State College 
Corvallis, Oregon 
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NEW NORTH AMERICAN UMBELLIFERAE—II 

Mildred E. Mathias and Lincoln Constance 

Tauschia Johnstoniana Mathias & Constance, sj). nov. Ilerba a(‘aules(‘ens 
caespitosa, lQ-15 cm. alia, seabrida vel seaborula; folia in ainbitu oblon^ja 
vel ovata, petiolo cxcduso 2-6.5 cm. lonjra, 2-4 cm. lata, pinnata vel ])ro parte 
bipinnata, foliolis linearibus oppositis dLstinctis, 5-40 mm. lonjiis, 1-1.5 mm. 
latis, interns mucronatis; petioli 3-5 cm. loii^i infra an^nste scarioso- 
mar^inati; pednnculi 7-9 cm. lon<!:i, folia aeqnantes vel excedentes; involucri 
bracteae 1-2, lineares; involucellae bracioolae pliires lineares, 1-5 mm. 
lon«ae, circa flores aeqnantes, fructn breviores; radii fertiles 3-5, sub- 
ae(|iiales, 10-15 mm. lon<»i scabernli; pedicelli circa 1 mm. loii^i; flores 
lutoi; styli tereti j.»Taciles recurvati; fructns oval is circa 5 mm. lon^ns, 2-3 
mm. latiis, cxmimissni-ae apice alte excavata, (*ostis til if or mi bus; vittae parvae 
in intcrvallis at({ne in commissnra pliires; scmiinis facies sulcata. 

Acanlescent, caespitose, 10-15 cm. hi«li, the foliajre and iiiflorescen(*e 
scabrous or scaberulons; leaves oblong to ovate in general outline, excluding* 
the petiole 2-6.5 cm. lon^‘, 2-4 cm. broad, pinnate to partially bipinnate, the 
leaflets linear, opposite, distinct, 5-40 mm. lon^*, 1-1.5 mm. broad, entire, 
mucronate; petioles 3-5 cm. lonj>:, narrowly scarions-mart*ined below; 
peduncles 7-9 cm. lon^, equalling*: to exceeding the leaves; involucre of 1-2 
linear bracts; involucel of several linear bractlets, 1-5 mm. lon^, about 
equalling*' the flowers but shorter than the fruit; fertile rays 3- 5, subecpial, 
10-15 mm. lon«', scaberulons; pedicels about 1 mm. lonjr; flowers yellow; 
styles terete, slender, recurved; fruit oval, about 5 mm. lonf>', 2-3 mm. bi’oad, 
with a V-shaped dei)ressiou at the commissure, the ribs filiform; oil tubes 
small, several in the intervals and on the commissure; seed face sulcate. 

Type: Stanford, Rcihcrford tf* Northcrafi 682, on mountain top 7 kilo¬ 
meters southwest of Miquihauana, Tamaulipas, Mexico, alt. 3430 m., August 
5, 1941 (UC, TYPE; GH, isotype). Althoujrh it fully ajrrees with the (diief 
jreneric (diaracters, this very strikiiifr species does not seem to ])Ossess any 
close relatives. In our key it appears variously next to T. Ehrrnbrrgii 
(Wolff) Mathias, T. Stricilandi (Coult. & Rose) Mathias & Oonstance and 
T. ivjcana Gray, but these juxtapositions may be due fully as much to (*han<‘e 
as to consanguinity. The species is named in honor of Dr. Ivan M. Johnston, 
of Harvard University, who is the author of some excellent critical studies 
of American Umbelliferae, and wdio correctly ])lacod the present entity in 
the ])roper genus. 

Lomatium idahoense Mathias & (Vmstaiice, sj). nov. Plantae aculcscentes 
vel brevi-caulescentes, 2-4 dm. altae, e radice prima gracile; caules graciles 
glabri; "folia pauca glabra in ambitu obovata, i)otiolo excluso 4-12 cm. longa, 
ternato-pinnata vel pro parte biternata, divisionibus ultimis anguste lineari¬ 
bus vel oblongis acutis obtusisve, 1-10 cm. longis, 1-4 mm. latis; petiolus 
glaber, 1.5-12 cm. loiigus, parte inferiora (0.3-0.6 cm.) anguste vaginante; 
involucella nulla; radii 3-7 adscendentes, 2-8 cm. longi, inaequales graciles; 
pedicelli filiformes, 5-15 mm. longi; umbellularum flores 7-20 lutei; fructns 
glaber anguste oblongus ad apicem acutus, 10-12 mm. longus, 3-4 mm. 
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latiis, alls quam cori)ore rmilto aii^ustioribus; vittae in intervallis solitariae, 
ill conimissiira 2. 

Plants ('aulesi'cnt or short-ran lesrent, 2-4 dni. hifrh, from a lonj!;, slender 
taproot, the stems slender, few-leaved, glabrous; leav'es obovate in general 
outline, exelnding the petiole 4-12 em. long, ternate-pinnate or partially 
biternate, the ultimate divisions narrowly linear to oblong, aeute or obtuse, 
1-10 em. long, 1- 4 mm. broad, glabrous; petiole 1.5-12 em. long, narrowly 
sheathing in the lower one- or two-thirds, glabrous; involueel wanting; 
rays 5-7, aseending, 2-8 em. long, unecpial, slender; ])edieels filiform, 5-15 
mm. long, the umbellets 7-20-flowered; flowers yellow; fruit narrowly ob¬ 
long, a(*ute at the apex, 10-12 mm. long, 3-4 mm. broad, glabrous, the wings 
nnieli narrower than the body; oil tubes solitary in the intervals, 2 on tlie 
eoiTiiiiissure. 

Type: A. 11. ('yoinjuisf gravelly granitie hillside along Beaver 

Creek near Marsh (h'eek, 25 miles northwest of Staiilev, (hister Oountv, 
Idaho, alt. 0400 feet, July 3, 1941 (UC, type; IM, MB, MINN, ufs, 
isotypes}. 

Specimens e.ramined: Idaho: Beneath Fsendoisupa t(t.rifolia and Finns 
pandernsa on ridge above east side of Sheep (h’eek, Idaho Countv, alt. 5500 
feet. May 11, 1939, F. (F Meper 161 i (MEYEK, UC^) ; moist talus on hills 
above Sheep Creek and the Snake Biver Canyon, Canadian Zone, May 16, 
1936, F. 0. Meifer 262a (MEYEH) ; Panther (T*ei‘k, Lemhi Countv, Mav 16, 
1941, Rap J. Davis 3112 (IJC, Pis); I mile below Middle EoVk, Lemhi 
Ck)nnty, May 15, 1941, Rap J. Dans 3060 (PC, Ills). 

The (liseovt*ry of sneh novelties as this bears witiu'ss to the fact that Idaho 
is jierha])s the least fully explored of any of the eontinental United States. 
Lnmatium idahaense aj)pears to be most elosely related to L. laevipatum 
(Nutt.) (V)ult. & Bose, a sp(‘(*ies of the Columbia Biver Valley, in Washington 
and Or(*gon. It difiers, liowever, from L. laenpalnm in its many feAver 
leaflets, fewer rays and longei* and more slender fruit. 

Lomatium Rollinsii Mathias & Constance, sj). nov. Plantae graciles 
eanles(‘(*ntes allerne ramosae, 2.5-5 dm. altae, e radiee prima elongata saef)e 
tuberosa, omnino ('fispo-puberulae; folia in ambitu oblonga, petiolo exeluso 
5-15 cm. longa, 3-5 (un. lata, bi|)innata A^el pro parte tripinnata, diAUsionibus 
ultimis lineai’ibus a('utis obtusisve, 0.2 -3 cm. longis, 0.5-2 mm. latis, pnbern- 
lis; petiolus basilaris, 5-15 mii. longus, ad basim anguste brevi-vaginans, 
caulini j)rorsi anguste vagniantes; involucellae bra(‘teolae minutac* filiformes; 
radii 4-8, adscendentes, 1.5 5 cm, longi, inaequales graciles puberuli; pedi- 
eelli filiformes, 6-15 mm. longi; umbellularuin flores 8-15 lutei; frnctus 
oblongo-ovatus, 6-7 mm. longus, 3-4 mm. latus, glaber, alis quam eorpore 
dimidio augustioribus; vittae in intervallis dorsalibus solitariae, in laterali- 
bus 2, in commissura 4. 

Plants slender, caules(‘ent, alternately branched, 2.5-5 dm. high, from an 
elongated and often tuberous taproot, crisped-puberulent througliout; leaves 
oblong in general outline, excluding the petiole 5-15 em. long, 3-5 em. broad, 
bipinnate or ])artially tripinnate, the ultimate divisions linear, aeute or 
obtuse, 0.2-3 cm. long, 0.5-2 mm. broad, puberulent; petiole 5-15 cm. long, 
narroAvly short-sheathing at base, those of the eauline leaA^es narroAvly and 
wholly sheathing; involueel of minute, filiform bractlets; rays 4-8, ascend¬ 
ing, 1.5-5 em. long, unequal, slender, puberulent; pedicels filiform, 6-15 mm. 
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the umbellets 8-15 flowered; flowers yellow; fruit oblong-ovate, 6-7 
mm. Ioll^^ 3-4 mm. broad, <?labr()iis, the winj**s one-half the width of the body; 
oil tubes solitary in the dorsal intervals, 2 in the lateral, 4 on the eommissure. 

Type: Constance, Rollins d; Dillon ir>7S, grassy dry soil, near Deep Creek, 
Snake River Canyon, Wallowa County, Ore^yon, alt. 1000 feet, May 15, 1936 
(lie, TYPE; distributed to other herbaria as Cogswellia anihigua (Nutt.) 
Jones). 

k^pecintens examined'. Idaho: Stony soils in wheat-farm in area 7 miles 
north of Waha, Nez Peree County, April 25, 1940, J. H. Christ 10,877 
(CHRIST, TI(’) ; on rollinji* hills 2 miles west of Webb, Nez Peree County, 
April 25, 1940, J. 11. (dirist 10,889 ((-HRIST, UC) ; on roeky hillside. Slate 
Creek, Salmon River Canyon, Idaho County, May 16, 1937, J. H. Christ d' 
W. W. Ward 7300 (CHRIST, UC), May 21, 1939, J. 11. Christ s. n. (VC). 
Oregon: Basalt outeroppinj^s on hills above the Snake River in Ihe Snake 
River Canyon, Upper Sonoran Zone, Wallowa County, May 15, 1936, F. G. 
Meyer J231 (MEYER). 

This species adds to the j?rowin^ list of i)lants believed to be endemic to 
the draina^’e area of the Snake and Salmon rivers. Lomatium Rollinsii suiier- 
ficially resembles L. anibignmn (Nutt.) Coult. & Rose, chiefly because of the 
mode of branchinjj'* combined with the color of the flowers. The two are very 
probably related, but the newly detected species differs from L. ambignnni 
in beinji’ pnberulent instead of j?labrous, havinjz: pinnately instead of ternate- 
piunately divided leaves and ovate-oblonj? rather than oblon^^ fruit. The 
sj)ecies is named for Dr. Reed C. Rollins, of Stanford TTniversity, who ac¬ 
companied the junior author upon s(*veral noteworthy botaui(‘al investiga¬ 
tions of the Snake River Canyon. 

The followinj^' abbreviations for herbaria are used in this f)aper: Cray 
Herbarium, Harvard University (CH); Intermountain Herbarium, Utah 
State Af?ricultural Collejre (IM); Missouri Botanical Carden (MB); 
Herbarium, University of Minnesota (MINN) ; University of Califorjiia Her¬ 
barium, Berkeley (UC) ; Herbarium, Universitv of Idaho, Southern Branch, 
Pocatello (Ills). 

Department of Botany, University of California 
Berkeley, California 
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NOMENCLATURAL CHANGES IN THE GENUS CUSCUTA, 
AND NOTES ON SOME AMERICAN SPECIES 

T. G. Yuncker 

Ill volume 18 of tlie Memoirs of the Torrey Botaiiienl Club, I published 
ill 1932 cl eompreheiisive review of all of the speeies of Cusrula then known. 
8ineo the app(‘aran('e ol* this ])aper I have examined a lar*i‘e number of 
additional spe(*imens, some of whieh have ])roved to be new s])e(‘ies. These 
have becMi jniblished from time to time. Several errors, some involvinji' rules 
of iiomenelatiire. liave also been diseovered in the above-mentioned paper. 
CorF*eetions of these errors to^'ellier with the presentation of additional 
notes whieh have aeeiimulated on a number of sjieeies are juciven in the 
following* diseiission. 

(^^siTTA IIaki*kri Small, Flora S. E. U. S. ed. 2, 1361, 1913. This is 
one of the small(*st and most ineons]>ieuous of our Ameri('an speeies, with 
flowers mostly 1 mm. or less lonjr. It appears to en,io\ a very loi'al distri¬ 
bution limited to a few counties in th(‘ states ol* (leor^ia and Alabama. It was 
(M)lle(*ted in Washiujiton County, (b’orjria, Ixdween Peai'oeks and Harrison, 
July 20. 19()(i, by R M. llai*])(*r, and also 3 miles north of Harrison in tlie 
same <‘ount\', June 10, 1938, b\ J. II. P\ ron and R ^reVaujih {,‘->1(1:2). Harpen* 
r(*('o;iniz(*d the specimen he had found as pi*obably new to scieiu'e and rt*- 
port(*d it in his jiaper (Mititled “Some hitherto undescribed outero])s of 
Altemaha jirit and th(*ir ve^etatioir’ in Torreya for T)(‘(‘ember 1900. In 
Alabama it had been found at DeSoto Falls, Lookout Mountain, July 1898, 
by Albert Ruth ( 17:>) ; in the vicinity of Gailsen, Etowah County, July 29, 
1!K)0, by Pollard and Maxon (.*>//) ; and in a nx'ky ^lade on the west side 
of Slioi’t Crecdv on Sand Mountain about 5 miles northeast of Boaz, Alarshall 
County, Aujiust 29, 1933, by R. M. Harper {72107). 

In each of the above specimens the host, when indentitiable, is Chondrtt- 
phoni vh'iiutd (Nutt.) Greene, with the exception of Harper's dl07 which 
is on H(‘h(infJnt.s Pursh and Lavinuiria nnrroci'pludtt Small. Tlie 

host as indicated on the label for Pollard and Maxon's .211 was (Itondro/diora 
nudatd (Mi('hx.) Britton. In eommentinj*; on this host, however, R. M. 
Harj)(‘r in a recent (communication states ‘‘They were (*ertainly in error 
in (*allin«^* the host plant C/;om/ro/>/ioru uudata for tliat sp(‘i*ies is not known 
outside of the coastal ])Iain.” 

The ty])e specimen for this sjieeies, as indicated by Small on ])ai*:e 1375 
of his Flora, is the one collected by Harper in Washington County, Georeria, 
July 20, 1900. There are two sheets of this collection in the New York 

01 
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Botanical Garden lierbariuni, one of which has been selected to re])i*esent 
the type. In error, 1 formerly listed Harpei*’s 117 as the type collection. 

CuscrTA PAPciLFLORA Philippi, Limiaea 33 : 185. 1864. C. jJKsilla 
Philii)pi ex Yiineker, Mem. Torrey Chih 18 : 151. 1932. 

At the time the description of C. 'pusilla W7is ])ublislied no autljentic 
material of C. panciflora had been seen, but from Philippi’s oripfinal descrip¬ 
tion it was decided that C. paaviflora was probably the same as C. micvfmiha 
Choisy, wdth which s])ecies it was questionably allied as a synonym. ]\lore 
recently, I. M. Johnston has loaned from Gray Herbarium a frajiinent of 
wliat is presumably the ty])e of C. pauciflora which was (*ollect(‘d })y I^hilippi 
on 3Iyrias nummuJaria at Ainnid, Chile, January 1858. This spe(*imen is 
very frajinientary, but after carefully comf)arin^»- it w ith tlie specn'men u]K)ii 
w4iich the des(*ription of C. pusilla w^as based, collected also by Phili])])i 
somewJiat farther Jiorth at Valdivia, it now^ ai)pears evident that th(\v an^ 
the same. 

C, jmuc(flora is distinjjruished wdth some difficulty from C. la(mintha 
Choisy, another Chilean species wdiich commonly occurs on low lM*rba('cous 
hosts. The flow'ers of both are small, measuring about 1.5 mm. from llu' base 
up to the corolla sinuses. C. pauciflora, however, apj)ears to have much loimer 
])edice]s, proportionately longer corolla lobes, more campanulatc* I'orollas, 
and more j^lobose ovaries. On the basis of tlie specunnms which have beeii 
examined C. micranfha also appears to have a more northern distribution. 

CuscniTA iNDEOORA Clioisy, Mem. Soc. Phys. Hist. Nat. Geneve 9: 278. 
pL 3. f. 3. 1841. C. hispid ala Enj»:elmann, Am. Jour. Sci. 45 : 75. 1843. 
C. 7(cnropvtala Enpelmann, Am. Jour. Hci. 45 : 75. 1843. (\ )t( aroprfala 

En^elmann var. I df oral is En^elrnann, Bosi. Jour. Nat. Hist. 5 : 223. 1845. 
C. 2)u1chrrrima Scheele, Linnaea 21 : 750. 1848. C. decora En<»leniann, 
Trans. Acad. St. Louis 1 : 501. 1859. C, decora En^elmann var. ladecora 
(Choisy) Enj^elmann, Trans. Acad. St. Louis 1 : 502. 1859. C. decora En<»*el- 
mann var. pulcherrima (Scheele) Enprelmann, Trans. Acad. St. Louis 1 : 
502. 1859. C. hidecora (dioisy var. nearopefala (Eufrelmann) Hit('h<*ock, 
Contrib. U. S. Nat. H(*rb. 3 : 549. 1896. 

At the time Enjielmann monographed the fjrenus Cascata (Trans. Acad. 
St. Louis, 1859) he replaced ChoLsy’s earlier epithet indecora wdth his decora 
which he considered as beinji* more approj)riate, and at the same time dis- 
tinp:uished four varieties. His variety mdecora, wdiich w'as the ty})ical 
variety and the same as (Jioisy’s species indecora, w^as characterized as 
having small flowers, short calyx lobes, and long: pedicels. En<j:elmann also 
included under this variety a form with ver^^^ hispid-papillate floAvei’s which 
he had formerly described with the specific name hispidala. 

His variety paJeherrima was the same as C. nearopefala, i)reviously 
described by him together with its variety littoralis, and also as Scheele’s 
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C. pulchcrrima. This variety is eharacterized as haviiijr larger, smooth or 
nearly smoolli flowers, with proportionately larger ealyx. If* tliis variety were 
to be maintained it should, aeeordinfr to the International Rules, retain the 
older epithet Utioralis rather than the later pnlcherrima, 

I have examined many sj)eeimens of C. indcrora eolleeted throughout the 
ran<>e of the species and liave found the various eharaeters which Enjileniann 
used to distin<?uish variety palchvrrima from variety ivdvcora, or the tyi)ical 
variety, to be exceedinjzly variable. The size of tlje flowers, the length of the 
pedicels and the ])r()]>ortioiiate size of the (^alyx vary jz:reatly, sometimes (*ven 
on the same sj)e(‘imen. Most of the flowers are moi’e or less »’ranulatt‘ because 
of the lenticular outer surface of the cells and occasional si)ecimens are even 
])a])illate-liispid. There is, however, no observed constancy in the sha])e and 
decree of protrusion of the outer walls of the cells. In vi(‘w of the incon- 
stciiicy of any of the characters used b\ Euf'eJmauJi to distinguish the two 
varieties under discussion, 1 liave conn* to tlie (-onclusion that it would be 
better not to atteuipt to maintain them as separate entities. 

CusruTA SiTKSDOKFii Yuucker, Mem. Torrey (3nb 18 : 167. f. 41. 1932. 

This sj)eci(*s was orijzinally described from a s])ecimen collected on Aslrr 
in Skamania (-ounty, Washin^lom in 1891 by Suksdorft* (//.s;). It was also 
found 10 miles southeast of Port Orford, Purr\ Pounty, Oregon, in 1919 by 
M. E. Pe(‘k In 1934 L. i\ Wheeler collected two s|)e('imens on 

Valy})irahum uaibvllalam above 6000 feet in the Siskiyou Mts., Siskiyou 
Comity, (California {3011; :>193). These two specimens dilTereil from the 
specdes in (*erlain characters and were describ(‘d as new under the varietal 
epith(‘t of sah])rdicrllafa Yuncker (Bull. Torrey (3nb 62 : 512 1935). A 
siiecimen collected at Bluff Lake, at 7400 f(‘et altitude, in the San Bei-nardino 
Mts., San Bernardino (kmnty, California, July 13, 1926, by P. A. Munz 
{'1(}()7H) has recently come to my attention. In this siiecimen the pedicels 
are exceptionally lon^’ and a number of the flowers w’ere dis(*overed whiidi 
lacked infrastamineal scales, Jii a few' flow'ers, however, two or three small 
lateral projections representing’ jrreatly reduced scales were observed alon^’ 
the filament attachment line. Otherwise this plant closely resembles those 
from the north. This sj)e(*imen from southern California may possibly repre¬ 
sent a different variety. This can be determined, however, only uy)on the 
study of additional and moi*e abundant material from this rejrion. Plants 
of this species are inconspicuous and are to be souj^ht at altitiules of 6000 
feet or more. 

Cuscnn^A NiovADENSJS Johiistoii, Proc. Calif. Acad. TY 12 : 1133. ]924. 
C. Veaichii Brandejioe var. apoda Yuncker, TIL Biol. Monojir. 6: 159. 1921. 
(7. Enj^elmann var. apoda (Yuncker) Yuncker, Mem. Torrev Club 18 : 

169. 1932. 
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Considerable trouble has been encountered in attempting to determine 
the correct taxonomic status of this species. 1 described it originally as a 
variety of C. Veatchu. Johnston later questioned its relationship to C. 
Veaichii anti gave it the specific name of C. iuvadeDsis. In 1932 1 further 
complicated the nomenclature by transferring it to varietal status under 
C. saJina, to whiidi some si)ecimens of it bear considerable resemblance. In a 
specimen recently studied, matured seeds were discovered for the first time. 
In these seeds the embryo was found to be similar to those characteristic of 
C. deniiculafa and C. Vrafchit, in both of which species it exhibits an ab¬ 
ruptly enlarged ball-like end. This character, so far know’n to exist only in 
these three species, distinguishes it from C. salina whicdi possesses the more 
slender embryo typical of most species of Cuscufa. It differs from C. Vcafchu, 
with which it is most likely to be confused, by having larger flowers, mostlv' 
longer ])edicels, proportionately longer calyx and corolla lobes, and lai’ger 
anthers on short filaments. 1 now agree with Johnston in considering it 
sufficiently different to be considered as of specific rank. 

CusouTA Gronovii Willdenow var. nATiELORA Engelmann, Trans. Acad. St. 
Louis 1: 508. 1859. C. Gronovii WiWdemm yiw. Sanrun (Engelmann) Mac¬ 
Millan, Metasj). Minn. 430.1892. 

C. Gronovii is the commonest species of dodder occurring in the (‘cntral 
and northeastern United States and Canada. It extends southward to the 
gulf states, and sparingly even to the West Indies, and westward nearly to 
the Rocky Mountains. It does not appear to be particular as to hosts although 
it occ'urs most commonly on species, either woody or herba(‘(‘ous, whi(*h gi’ow 
in low, moist areas. 

The specimen numbered dliiO in WilldejiowV herbarium, taken as ])rob- 
ably representing the type, has flowers which are approximately 2 mm. long 
from the base up to the corolla sinuses. The calyx lob(‘S are oval-ovate, over¬ 
lapping at the base and reaching to about the middle of the corolla tube 
which is canipanulate with the sides subparallel above the (‘(Uiter as viewed 
laterally. This is the variety most commonly found. The size of the flowers 
has been found to vary from a minimum of about 1 mm. up to 2.5 or even 
3 mm. in length from the base up to the corolla sinuses. In some specimens 
the throat of the corolla may be narrower than the tube at the middle 
because of the maturing fruit; and occasional specimens may, on the con¬ 
trary, exhibit somewhat funnel-form <H)rollas. The shape of the corolla deter¬ 
mines itf^ position about the capsule which is commonly enveloped by the 
corolla when matured. 

In variety latiflora the flowers are usually smaller. The calyx lobes are 
more oblong-oval and less overlapping at the base, and they reach the corolla 
sinuses. The corolla tube is broadly canipanulate with the throat wider than 
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the tube wliieh tapers towards the base. Beeause of its shai)e, tlie (‘orolla is 
ordinarily borne at the base of tlie protrudin<i', naked eapsule when mature. 
Ill tills variety there is also a jrreater tendeiu'y to produce the iidioreseenee 
endoji'imously. The infloreseenee is also eommonly more branched than for 
the species in ^encraJ and in (X'casional specimens a “witidies’ broom’’ effect 
is prodiK'ed wiiich arouses tlie siispiidoii that there may be an unfavorable 
infliu'nce of the host uj)on the parasite. 

En^elmann’s varietal name Idtiflonf is to be retained as valid under the 
International liules. The variety occurs throughout the ran<i*e of the species 
and ajijiears, as in the (‘ase of the typical variety, to show no host preferences. 

Cttscitta umhrosa Hookei*, FI. Bor. Am. 2 : 78. 1840. (\ (ivonovit 
Wilhhaiow var. curht En^elmann, Trans. Acad. St. Louis 1 : 508. 1859. 
(\ in('<ialoc(ir))(f Kydber<i, Bull. Torrey Flub 28 : 501. 1901. (\ curia (Enjid- 

manii) Rydber<i', Bull. Torrey Club 40 : 466. 1913. 

As has been pointed out by Enjzelmann, V unihrosa Hooker included 
s[)Ccimens now r(‘('o<ini;5ed as belon^‘in^ both to (\ (rronovn and to this 
sj)C(dcs A(‘cordin;.» to Seed ion 8, Arti(4e 52, of the International Rules, 
Hooker’s name must be retained for one of the se^n‘e»iated speides. 

(’USC’llTA (’().M1*A(TA dussieu Vai*. KFIMUHIATA Ymickio*. Ill. l^iol. IMonojiT. 

6: 167. 1921. 

This variety, <'hara(derized by <»reatly rediu'cd infrastamineal scales, was 
known ori<»inalIy oidy from the type specimen collected by Fredholm in 
Duval (’oimty, Florida. Ih'ofessoi* Delzie I)eniaj*(‘e found the second known 
spe('i]nen of it near'Tillar in De.slia (\>unty, Arkansas, Octobei* 24, 1936 
( noM). 

CuSi UTA (JKANDIFLOHA 11.I> K , Nov. (Jcii. Sp. PI. 3 : 123. Jil. 2/.V. 1818. 

This is one of the most widely distributed of the South American hij^h- 
land s|)e('ies, I'an^in^ from (’olombia to (’hih* and Argentina. It is easily 
re(‘o^nized because of its lar^e, attractive flowers which lack infrastamineal 
s(‘ales. There is considerable variation in the shape and lenjith of the styles. 
Tyj)ically, the styles ranj^c up to about 1 mm. in hmj^th, are slightly flat¬ 
tened and taper <iraduall\ to a wider base. Occasional sp(*cimens, how’evei*, 
Jiave the styles stronj»ly flattened, and in one or two specimens examined one 
of the styles wos found to be much lonjier than the other. A s])ecinien col¬ 
lected by E. K. Balls in the Department of (’ochabamba, Bolivia, at 11,000 
feet altitude, March 15, 1939 (f72/AW), has Imth styles much shorter than any 
hitherto seen for this species. The contrast is sufficiently jrreat to suji^iest 
recognition wdth formal oi* varietal .status. Because of the variation already 
noted in the styles of this .s])ecies, howover, it is believed better not to 
desei’ibe it as new^ at present from the sin<i:le sj)e(dmen at hand. 
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CuscuTA P"lossdorfii ni(‘keii, Darwiiiiaiia 1: 31.1922. C. hrcvisquamata 
Yuncker, Am. Jour. Bot. 9 : 566. pL 1, f. la-v. 1922. 

This (listiiuitive Arj’entiiia s])e(*ies was described under tlie above two 
names aJjiiost simultaneously in 1922. As nearly as could be determined from 
the ori^dnal description and without having: seen the type, it was decided 
later that C. Flossdorfii was closely related to C. hrevhqxiamaia and in 1932 
1 tentatively jJaced it as synonymous with that species. 

Recently, through the kindness of Dr. Arturo Burkart, director of the 
Instituto de Botanica Darwinion, 1 liave had an opportunity of examining 
the type of C. FUmdorp and discover that it is identical with (\ brcvx- 
Hqmvmaia. I also discover that the publication of V. Flossdorfii o(*curred a 
short time before that of C. hrcvisquamafa and, hence, has priority. 

The type of C. FIossdorp\ now in the herbarium of the Instituto de 
Botanic^a Darwinion, was collected on Saiurcia rufjoiioides by A. Flossdorf 
in the Proviiu^e de La Rioja, Argentina, February, 1913, at 3000-4000 
meters altitude. A specim(*n collected by Schreiter {3057) in the Pi*ovince 
of Tucuman has also been seen. 

CuscuTA JAFONICA (Jioisy var. tiiyksoidea Bngelmann, Trans. Ac'ad. St. 
Louis 1: 517. 1859. (\ formasaua Ilayata, Icon, l^laut. Formos. 2: 124. pL 
30. 1912. (\ japonica (Jioisv var. formosaxta (llavata) Yinu'ker, Mem. 

Torrey Chib 18; 253.1932. 

Engelmann gave the name of ihrifsoidca to variety a or Ihe ty})ica] 
variety of C. japonica. Later, Hayata gave a large-flowered s|)eciinen of C. 
japonica the name of C. formosana. In studying C. japonica, I concluded 
that Hayata’s plant differed from the typical form in certain features and 
decided that it should be retained as a variety. Part of the specimens listed 
by Engelmaiiii as belonging to variety ihyrsoidea also appeared to belong 
to the new variety as established. Thus, part of variety ihyrsoidea, as recog¬ 
nized by Ejigelmann, remained representative of the typi(‘ul variety or 
sj)ecies and part became the variety which I listed as variety formosana. 
However, according to section 8, article 52, of the International Rules, 
Engelmann’s earlier name should be retained for the variety rather than 
Hayata’s later epithet. 

The following nomenclatural correidions are required, for the most part, 
under article 58 of the International Rules: 

CuscuTA AUSTRALIS R. Browii var. breviflora (Visiani) Yuncker, (*omb. 
nov. C. anstralis R. Brown var. Thiei (Insenga) Yuncker, Mem. Torrev 
Club 18: 126.1932. 

CuscUTA RACKMOSA Martius var. minuta Choisy, Mem. Soc. Phys. Hist. 
Nat. Geneve 9 : 277. 1841. C. racemosa Martius var. miniata Engelmann, 
Trans. Acad. St. Louis 1: 505. 1859. 

Cuscuta reflexa Wallich var. brachystioma Engelmann, Trans. Acad. 
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St. Louis 1: 519. 1859. C. refivxd Wallii'h var. anguinn (Edgeworth) 
Yuueker, Mem. Torrey Club 18: 260. 1932. 

CuscuTA (^APiLLAKis Reielieiibaeli, Teou. Hot. 5: 64. 1827. C. palacHiina 
Boissier, Diagn. PI. Or. Nov. I. 2^': 86. 1849. 

CuscuTA CAPiLLARis li(‘i(dieubaL*h var. syriana (Yuueker) Yuueker comb, 
nov. C. palaestina Boissier var. sgriana Yinu'kt'r, Mem. Torrev Club 18: 
280. 1932. 

(hisGUTA EpitiiymGxM Murray var. anulistata Plugelmaun, Trans. Aead. 
St. Louis 1: 463. 1859. C. Ejnihgmmn Murray var. alba (Presl) Trabut, 
Bull. So(‘. Bot. Fraiiee 53: xxxvii. 1907. 

(hisraiTA PLANiFUORA Toiiore var. subpapillosa (Trabut) Yinieker eomb. 
nov. planifiora Tenore var. Godroaii (DesMoulin) Rouy, Flore de 
Franee 10: 359. 1908. 

('uscaiTA Ai^i^RO.MMATA Babiiigtou var. Webbii (Engelmanii) Yurieker 
(‘omb. nov. C. a })pro.nhuila Babinglon var. E })is()Nclnnn (Webb & 
Berthelot) Yuneker, Mem. Torrey Club 18: 299. 1932 

In addition, (‘rrors have been deteeted in the form of eitation of some 
names. These names are eorreetly eited as follows: Vusciiia cordofana 
(Engelmann) Yuneker, eomb. nov. Vuscnia brachycaUjx (Yujieker) 
Yuneker, eomb. nov. (Uiscula xaiitlundiorios Martins var. carinafu 
(Yum'ker) Yuneker, (*omb. nov. Cusvaia facfida II. B. K. var. pifcnaniha 
(Bentham) Yuneker (Ufscala coripiihosa Ruiz & Pavon var. sfylosa 
((3ioisy) Eiigelmanu. (hisrala poiosnta Sehaffner apud Watson. CascuUi 
poiotnaa Seliaffm*!* var. (jlabifcra Yuiu'ker. (^ascala saccharafa (Engel- 
mann) Yunekei’, eomb. nov (Uiscala Epdhymam Murray var. augustts- 
si)na (Eng(‘lmann) Yuiieker, (*omb. )u)v. (^uscula Halansar Boissier & 
Reutter ex Yuneker. (''usvuta Balausac Boissier & Rentier ex Yuneker var. 
socofrcusis Yuju'ker, vai*. iiov. Cuscuta apprffxmala Babington var. Jeiico- 
sphaera (Boissier & Ileldreit'h) Yuneker, var. nov. 

1 wish to thank Dr. II. W. Riekett, bibliograpliej* of the New York Botaiii- 
(‘al Garden, for assistanee in eheeking and verifying nomenelatural data used 
in the j)reparation of this paper, 

DkPattW r.MVERSITY 

Greencastle, Indiana 
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DESCRIPTIONS OF TROPICAL RUSTS—V‘ 

George B. Cummins 

The Urediiiales reported in this paper were eolleeted, for tiie most part, 
by Paid C. 8tandley of the Field Museum of Natural History, duriii" his trip 
to Guatemala in 1940 and 1941. lie obtained 5(52 speidmens of rusts but only 
those of more than ordinary interest are reported here. A few eolleetions 
made by Julian A. Steyermark and John 11. Johnston are also included. All 
specimens are from Guatemala. The type specimens are deiiosited in the 
Arthur Herbarium, Purdue University A<rricnltural Exjieriment Station. 
Specimens collected by Standley are also in the Field Museum of Natural 
History. 

AECimuM TALiNi Spc^. Oil Talmnm iriaiKjulare (Jacij.) Willd., Dept. 
Santa Hosa: alon^* the Av'cllana road south of Guazacapan, December (5, 
1940, Standlvif 79 m, 

A portion of this collection was sent to Dr. Juan C. Lindquist who kindly 
compared it with material from La Vina, Salta, Arj»'entina, wliich had been 
named by Spejiazzini. He found it to ajjree in all resjiects. The sfUMues has 
not been reported before from North America. 

Aeoidium fuchsiak Jacks. & Holw. On Fuchsia uuiiuttflora Hemsl., Dejit. 
(hiiMALTENANGO: Las Caldcras, June 21, 1941, Johnston 1912. 

A. fuchsiac has not been reported from North America previously and 
Johnston’s spe(Mmen does not show conqilete ajireement. The jieridia ai*e 
somewhat ])aler than typi(*al and the wall of tlie aeciospores is thinner. For 
the present, however, it semiis advisable to reiiort this collection as A. 
fuchsiac. 

Aecidium lycianthis Chimmins, sp. nov. Pycniis non visis. A(‘ciis hypo- 
phyllis subepidermalibus, in maciilis irrej^nlaris flavidis usiiue ad 2 cm. lonji’is 
aji'^TCfratis, vel petiolicolis vel caulicolis, breviter (‘upulatis vel bnllatis, 
pallide flavidis, 150-J00 p diam., marj^ine lacerato vel eroso; cellulis peridii 
oblonjjis vel oblonj^o-ellipsoideis, 14-16 x2J“J2 p, pariete interiore verrucoso 
2 p cr., verrucis plus minusve eloiifratis, exteriore striato J-J.5 p cr.; aecio- 
sporae ellipsoideae vel oblon^ae, 12-17 x 17-24 p ; membrana hyalina, 1.5-2 [j 
cr., minuteque verru(*osa. 

On Lycianflics cjuicheiisis (Coult. & D. Sni.) Bitter, De])t. Ciiimalte- 
NANGO: ijas Calderas, November 5, 1940, Johnston J7()S^ June 21, 1941, 
Johnston 1877 (type) ; Deyit. Quezaltenango : A^uas Amarjj:as, on the west¬ 
ern slope of Volcan de Zunil, January 14, 1941, i8iandtcy 83365. 


1.Journal Pai3or Nuinbor 27, of the Purclut^ University Af?rieiiltural Experiment 
Station. Contribution from the l)e})artinent of Botany. The fourth article of this series 
was published in Bull, Torrey (Tlub 68: 467-472. 1941. 
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This rust is variable in habit. No hypertrophy is evident on the leaf blades 
but when the j)etiol(‘s and stems are infeeted there is some hypertroj)hy and 
distortion. In one speeimen there are a few aetda on two flower buds, so it is 
not improbable that fruits may also be suseeplible to infeetion. 

There has been no previous aeeount of a rust on Lyciarithcs. 

Aecidium dahliae-maxoni (himmins, sp. nov. Pyeniis nullis. Aeeiis liypo- 
phyllis, subepidermalibus, in «Tep;es 1~8 mm. diam. laxe ajij^repdis, sine 
nuu'ulis, ().] 0.2 mm. diam., eupulatis, ])allide flavidis, marline reeurvato; 
cellulis peridii finne eonjunetis, oblonj?is vel polyhedrieis, 16-22 x 25-35 p, 
pariete inttu’iore moderate verrueoso 2-2.5 p er., exteriore minute(|ue 
punetato-striato 3 “4p er.; ae<'iosporae late ellipsoideae vel j^loboideae, 
14-18; 17-20 p; membrana hyalina, 0.5-1 p er., minutecpie verrueulosa. 

On Dahlia maxoini Saff., Dept. (biiMAi/ruNANOo: Las Calderas, June 21, 
1941, Jo/u/.s/ru/ lH7r). 

Mieros(*opi(*ally this specnes is imudi like A. dahhar Syd. but it is entirely 
dilferent nuKu-osc'opieally beeause of the loosely p‘7*onped aec'ia. There are 
fretpiently only four or five aeeia in a jrroup and seldom more than twelve, 
whereas the aec'ia are numerous and dcmsely ‘grouped in Sydow^s s])eeies. 
The absen(*(‘ of pyenia and the almost total absen(*e of dis(*oloi*ation around 
the aeeia provide additional differenees. 

AN(n()PS()KA LENTK'T’iiAHis Maiiis Oil Panicinn arundinariar Trim, De])t. 
(biiMALTENANoo: aloiip' l\io (iiuK'alate, southeast of Chnnaltenan^o, Dei'eni- 
ber 14- 23, 1!)40, l^tandldf N/p;/;. 

Previous eolle(*tions of .1. IcnUcidaris have all been on speeies of Lasiacis, 
Both uredia and telia are ])resent in Standley’s (*ol1eetion and both ajz’ree too 
well with those of A Jctthcidarts to p(*rmit ref(U’enee to either a new s])e(*ies 
or an\ other deseribed s})(*eies of Anfjiojtsara. A. lenticidaii^i has been (*ol- 
leeted in (luatemala on L((siaris. 

Anuiopsoka pallksc'kns (Arth.) Mains. On Kuvhlanui mv.nvana Sehrad., 
Gpatemala City, Jardin Botiinieo, May 1, 1941, t^iandlcy 

Telia ai'e not present in this eolleetion but the uredia and urediosjiores 
ajiree with those of .1. pall<.seens, a sjieeies whieh had been eolleeted pre¬ 
viously only on the ^enus Trtpsacani. On the basis of the relationship of the 
hosts one miji’ht expeid that Euvhlavna would also be suseeptible to 
Anyiojii^ova tear. 

Baeodkomps HOLWAVi Arth. On Srnecio ivarsccwiczii A. Br. Boiudie, 
Dept. Qtuczaltenanoo : rejiion of Los Alonzo, mts. above San Juan Ostun- 
eah'O, January 21, 1941, Sfandlcy SI 176. 

This speidmen, whi(‘h is only seantily infeeted, provides the first Oiiate- 
malan record for the speeies. It is known otherwise only from Nevada de 
Toluea, Mexico, Avhere IIol\Nay eolleeted it on Sruccio enwrarioidrs in 1903. 

IJiuiAKiA mexk^ana Arth. On Craion draco Sehle<*ht., Dept. Jptiapa: 
between Jutiapa and Las Tunas, northwest of Jutiajia, November 4, 1940, 
Stavdlcy 76:291; on Croion payaquensis Standi., Dept. Jt^tiapa: vicinity of 
Jutia])a, October 24-November 5, 1940, Standicy 75:2:27). 
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This rust, whioh is characterized by tlie a])ically thickened walls of the 
urediospores, has not been found previously in Guatemala or on either of 
the above cited hosts. B. mexicam is known from three Mexican collections on 
C. cMlvcsccm, C. ciliato-glavdiflosa and an undetermined species. 

Cerotelium ftci (Cast.) Arth. On Morns hisicpiis Bur. !, Dept. Ciii- 
maltenanuo: aloiif? Rio Gnacalate, southeast of Cliimaltenanjio, December 
14-28, 1940, ^Umdleif 79987, 

There has been no previous record of a rust occurring: on Morns in North 
America, altiioiorh C. fid has been collected on Morns indica in the Orient 
and on related genera of hosts in the Americas. 

CuRYSOMVXA PYKOLAE (DC.) Eostr. Ou Vijrola sfcnnda var. clafior 
Lan^c, Dept. Quezaltenanoo : Volcan Zunil, January 22, 1940, Stryennark 
31776. 

Since C. pyrolae has not before been found south of the mountains of 
New Mexico this collection is of more than ordinary interest from the stand- 
])oint of distribution. The (‘ollection was made at an elevation of 2500-8800 
meters. Mr. Standley lias informed me that Pivva, th(‘ alternate host ^renus, is 
not present in Guatiunala. 

CuMMiNSiELLA STANDLEYANA Cumm. Oil Bcrbcris fasctcnians (DC.), 
Dejit. HuEinTKTENANGO: Sierra de los Cuchumatanos, alon^’ road beyond La 
Pradera, km. 82, December 81,1940, Standley 81803, 81819a. 

Old aecia as Avell as uredia and telia are present on no. 81808 whde aecia 
are present on no. 81819a, wdiich was separated from no. 81819, Pnccniia 
herheridis-frifoliae Diet. & Hohv. None of the aecia are in ^ood condition 
for study but a tentative description is presented below. There is little doubt 
that the aecia belong with C. standley ana. 

Pyemia epiphyllous, subepidermal, {globoid to narrowly flask-shaped, 
115-135 p wide by 140-280 p lonp’, reddish brown. Ae(*ia hypopliyllous, sub- 
e])iderma], cupulale, 150-200 p wide, in small ^roujis ou reddish, often som(‘- 
what hypertrophied spots up to 7 mm. in diameter, the sjiots fallinjr out to 
leave *‘shot-holes’^; peridium brownish, the peridial cells elliyisoid or obloiij*’ 
in face-view, 15-20 x 21-30 p, the inner wall moderately rimose, 1.5 p (?) 
thick, the outer wall 8-4 p, smooth (?); aeciospores globoid or ellipsoid, 
14-19 X 18-23 p; wall liyaline, 1 p thick, very finely verrucose. 

Gymnosporanoittm speciosttm Peck ?. On Jnniperns mexwana Sprenjr., 
Dept. Huehuetenanoo : Sierra de los Cuchumatanes, alonp’ road beyond La 
Pradera, km. 82, December 81, 1940, Standley 81737. 

Positive identification of this material is not y)ossible on the basis of 
available material. Standley’s note on the label is as follows: “Forminjz: 
elonf?ate swellin<^s often as thick as a man’s arm.” Dr. Johnston, concerninj^ 
what is probably the same rust, wrote (in litt.) as follows: “Inclosed here¬ 
with for your files is a ])hotof?raph (see figure 11) of swelliiijrs on the 
branches of Juniperus mexicana. These swellinjis reach a size of 8 ft. in 
lenprth and 6 in. in diameter. ... In any case 1 did not fiet the fungus as it is 
out of season. Supposedly these are similar to the swelliiigs on (hipressus 
but due to a distinct Gymnosporangium.” 
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By soakinji* the <»all eoJleeted by Staiulley 1 was able to obtain a few 
teliospor(‘s as well as evideiiee that the telia are jirobably cristiform, as in 
G. spcciosmn. The 2~4-e(‘]led teliospores are longer than typical of the species, 
however, since they measure 21-26 x 75-125 p. Only remnants of the ])edicels 
were seen and the sj)ores were in poor condition for study. There is a definite 
possibility that this rust is an undescribed species but no decision can be 
reached until fresldy sporulatin^ trails are available. 

Thus far the jicnus (hpuuosponnujiuni is represented in Guatemala only 
by G, (b'owell on Ciiprcssus, G. pualcmalianum Crowell 

(aecdal sta<:(‘ only) on Aniehniclncv aiul by the above rust on Juniper us. 

Kuehneola guatemalensis Cummins, sp. nov. Pycniis non visis. Aeciis 
uredinoidihus confiuentibus in caulibus evolutis, ‘•alias ])lus minusve 
globulosas us(pi(‘ ad 2 cm. diam. efformaniibus, su])erficie fiavo-}>runneis; 
aeciosporae late eIJipsoideae, (‘llipsoideae vel obovoideae, 19-22 x 22-22 p: 
meinbrana 1-1 5 p (*r., ininute<pie ecliinulata, ])allide aurea; i)oris ‘^(‘rm. 
obsciuds. Urediis non visis; urediosporae in telia ploboideae vel late el- 
lij)soideae, 19-25^ 22 27 p; meinbrana 1 p cr., pallide tlavida vel hyaliua, 
minutecpie ecdiinulata; jioris o-enn. obscuris. Teliis liy])()phyllis, spai'sis, 
minutis, 0 1-0.2 mm. diam., ])lus minus jndverulentis, pallide flavis vel 
albidis; teliospoi'ae (‘atenulatae. ex ('cllulis 2 8 comjiositis, c(*llulis individuis 
cuboideis, obloujiis \el plus minus\e cuneatis, ad a])icem variabiliter lobatis, 
18-24 p latis, 20-20 p altis; meinbrana 1-1.5 p cr., ad apicem 2.5 5 [j cr., fere 
hyaliua, levi; ])edic(‘l]o liyalino, brevi. Statim ^erm. 

On Ruhus fuerrh'henuii Rydb., Dept. GtatemaIjA: sIo])cs of Volciin de 
Pacaya, bc'twetm San Fram'isco Sales and the base of tlie a(*tive (*one, Decem¬ 
ber 20, 1940, Sfandleif H()70L 

The teliospores of this sjiecies arc* apically lobed as are those of K. arthuri 
(Syd.) Jac'ks. but differ in ha\ in*** smaller cells borne in lonjier (diains. There 
is no similarity in the aeciosporcs or uredios])ores of the two species. 

Tin* descrijition of the aeida is based upon a sinjile ^all and may recpiire 
revision, tlierefcu’e, when future c'ollections I'cveal possible variations. Aetna 
of /V. arthuri, A\hi(‘h may similarly cause large galls, sliow ratlier wide 
A^ariation in habit. 

Mainsia standleyi (himmins, sp. wow (figs. 1, 2). Pycniis (fig. 1) amphi- 
genis, inti*aej)idermalibus, lentiendaribus, 100 180 p diam., eparapbysatis. 
Aet'iis uredinoidibus amiihigenis, mat'ulis lenissime iiicrassulatis flavo-brun- 
neis uscpie 8 mm. diam. oc'cupantibus vel ad neiwos lenissime iinn'assatos evo- 
lutis et greges elongatos formantibus, sub(*pidermalibus, 0.1-0.2 mm. diam. 
vel confiuentibus, Oavidis, puKerulentis; parajihysibus nullis; aeciosporae 
(fig. 2) obovoideae vel ovoideae, 16-22 > 24-22 p; meinbrana pallide flavida 
vel fere hyaliua 2p cr., ad apicem ()-12 p cr., moderate ecliinulata; ])oris 
germ, obscuris. Urediis aec'iis conformibus (vel nullis ?). Teliis hypophyllis, 
inter aecna sparsis, sube|)idermalibus, rotundatis, 0.1-0.2 mm. diam., pulvi- 
natis, flaAm-briinneis; paraphysibus nullis; teliosporae (fig. 2) oblongae, 
oblongo-elli])soideae vel elli])soideae, ad apicem rotundatae, deorsum attenu- 
atae, 13-19 x 28-45 p; meinbrana 1.5 p cr., ad apicem 2.5-2.5 p cr., pallide 
aureo-brminea, levi; ])edic(*llo flavidulo vel hyalino, fragili, sporam ae(|uante 
vel brevioi’e. Statim germ. 
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Ficj. 1. Manisia xlandlrifi, freehand, unstained section of a j)ycninin. Fio. 2. AecioHi)orea 
and teliospon's of Monism siandleift. Fig. 3. Two of tlie peculiar lol)ate urediospores charac¬ 
teristic of Pilrolaria standlryi. Fig. 4. Aeciospores of Pdcolaria standh'if'i; the niarkinj^s 
tend to be longitudinally arraufjed. Fio. />. One teliospore of Puvcmia dcg€nvi\ a s})erieH i)re- 
viously known only from the medial stage. Fig. 6. Two teliospores of Pvccinia dyschorisies. 
X 800. 
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Oil Riibus irasuerisis Liebm., Dept. Alta Verapaz: damp limestone 
forest the Peten liifriiway between (-ampur and Soeoyd, April 9, 1941, 
Si (nidify 917 li. 

Mainsia standlcyi differs From M. holwayi Jacks, in the greater apical 
thickenin^^ of the aeciospore wall and in the finer echinulation and from M, 
periivianum Jacks, in haviiif*: shar]) round aendeae rather than longitudinally 
elonj:*ated markin<jrs. In addition, both M. liahvaiji and M. pcrnvuinuni hav(* 
teliospores with uniformly thin walls. 

1 was unable to decide the point definitely with this material but am 
inclined to believe tliat iiredia may not be formed in this specues. 

Phakof^sora vionae (Bres.) Arth. On Canavaiia rdlosa Benth., Dept. 
SAcATEpf:QUKZ; alon^ Rio Ouacaiate, on road between Anti}=rna and (^himal- 
teriaiifio, December 23, 1940, Standlvif S1016; De])t. JIuehuetenanoo : near 
crossinji' of Rio 8an Juan Ixtaii, east of San Rafael Pctzal, January 9, 1941, 
Standlnj (S,Vd.V2. On Pliasfolus mavndfpis Pi])er, Dejd. Quezaltenanoo: 
region of Las Nubes, south of San Martin Chile Verde, January 16, 1941, 
SiandU y H36()!]; alouj*' old road between Finca Pirineos and Patzulin, Feb¬ 
ruary 9, 1941, Siaiidiry 

Telia, not recorded previously for this species, are ])resent on no. 83032 
and may be des(*ribed as follows: 

Telia hypojihyllous, »Tou])ed about the uredia, blackish bi’own, sub- 
e])idermal, (U’ustose, 3-7 sj)ores in thickness; tc'liospores variable, those in 
the outer layer oblonj** or less commonly cuboid, those in the inner layers 
(*uboid or oblong*, 6-12 • 13 23 p; lateral walls 1 p thic'k, polden or lU'arly 
hyaline, apical walls of the outermost sjFores 2-4 p thi('k, chestnut-bi’own, 
smooth. 

Ilii’atsuka (Bol. Ma^\ Tokyo 49: 786. 1935) considers that this rust 
should be platted in synonymy under 7Vn//.7>p.s7>?7/ pachyvhhi Syd. Certainly 
they ai’c similar but the teliospores desci*ib(Hl above art* only about one half 
as lar^e as those* described by Sydow foi* P. pacliyrhizi which, for the ])res- 
ent, seems a valid reason for (piestionin*’- such a treatment. Iliratsuka may 
be corretd. but until teha are found on Viyua, PhascoJiis, Eriosemn, Dolichos 
and Tfrannnis and eom|)arative studies made it is best to ae(*e|)t llu* i)ossi- 
bility that more than a siiijile sj)e<des may be involved. 

Pileolaria standleyi (himmins, sj). nov. (bjzs. 3, 4). Pycniis amphi<»enis, 
in mat'll I is puj’])ureis 1-6 mm. diam. dense ajif'rejiatis, subcutieularibus, 
Jiemispliaerit'is, 50-135 p diam. Aeeiis uredinoidibus, subepidermalibus, 
hyp()i)hyllis, inter ])ycnia a<i‘^rej»atis, vel in petiolis et ramis junioribus 
deformat is dense dispositis, confluent i bus, einnamomeis, pulverulent is; 
aeciosporae (fiji*. 4) ovoideae, ellipsoideae vel oblonj^ae, ad ajiieem rotundatae 
vel a])ieulatae, 16-23 \ (27-) 30-35 (-37) p; membrana einnauiomeo-bun- 
nea, 3p er., ad apieem 4-9 p, lon^itudinaliter verrucosa, verrueis t'uboideis 
vel oblon<iis, fretpienter ('onfluentibus; poris ^erm, 2 vel 3, aecpiatoi'ialibus. 
Urediis amphijienis, subepidermalibus, sparsis, i-otundatis, plus minusve 
pulverulentis, obscure brunneis; uredios])orae (fi»»*. 3) foi-mam vai’iabiles, plus 
minusve obovoideae, in sujieriore parte pleruiiKpie lobatae, rarius rotundatae, 
19-26 x 28-38 p; membrana 2p cr. sed ad apit'em et in lobis 5-9 p er., cin- 
namomeo-brunnea, obscure lon<ritudinaliter striata; poris jicrm. 2, aequa- 
torialibus. Teliis amiilii^enis vel plerumque epi])hyllis, subepidermalibus, 
in maeulis inirpureis 1-3 mm. diam. siiarsis vel cireinatis, castaiieo-bruniieis, 
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plus iniiiiisve pulveruleiitis; teliosporae diseoideae vel filoboideae, 18-26 p 
alta, 24-30 p lata; nieinbraiia 2.5-3 p or. vel ad apicem usque ad 4 p 
eastaneo-brunnea, obsoure rnpfosa vel fere levibus; poro periu. apieali; 
pedieeJJo hyalino, sporain aequaiite. 

On Pistacia m.cxicana Dept. Baja Vehapaz, rooky hills near 

and above Santa Rosa, in ])ine-oak forest, April 4, 1941, SiaJuUcy 91090. 

Pileolaria piniaciae Tai & Wei (P. elcrnensme Cuiimi.), of the speoies 
whioh parasitize Pistacia, is olosest to P. standleyi but it differs in havinj? 
teliospores witli longer pedioels and ref?ularly fiisiforni-ellij)soid uredio- 
spores. 

Few uredia are present, the infeotion beinj»’ mainly aeoial, but the 
peculiar lobate urediospores were seen in suffioient numbers to indicate that 
they are oharaoteristio of this s])eoies and not mere abnormalities. The only 
other rust having similarly shaped urediospores of which 1 have rec'ord is 
Knehufola harrisoniae (Syd.) Arth. & Cumm. 

No previous report has been made of a Pileolaria on Pistacia in tlie 
Americas. 

PROSPOnruM conjunctum (Diet. & Holw.) Cnmm. On Lippia niyrio- 
cephala S. & De])t. Quezaltenango : alonjr Rio KSamala Jiear Santa 
Maria de Jesus, January 25, 1941, Standlcy 84636. 

This species has been collected only twice previously, on L. prinylci 
From Oaxa(*a, Mexico. 

PiKXUNiA ALIA Jacks. & Holw. On Baccharis trhicrvis (Lam.) Pers., l)ej)t. 
Jalapa: vicinity of Jalapa, November 7-18, 1940, Standicy 77336. 

Since telia are not present in this collection idontific'ation cannot be 
positive. The aecia arise below the palisade layer and liave sliar|)ly ec'hin- 
ulate aeciospores as in P. alia but the spines of botii aecdospoi'cs and nr(*dio- 
s])ores are slightly larger than tyj)ical. P. alia was described From ]ii*azil 
on Z>. triiicrvis and has not been recorded previously for North America. 

PucTiNiA BERBEKiDis-TUiFOLiAE Diet. & Holw. Oil Bcrhcvis fasciculai'is 
(DO.), Dept. IIttfjiuetenango: Chenial, December 31, 1940, Jolnistoii 
1690; Sierra de los (hichumatanes, alonfj^ road beyond Iji Pradera, km. 32, 
December 31, 1940, Standicy 81819. 

This microcycdic species has been known ])reviously from only the type 
collection made at Rio Hondo, near Mexico City. 

PucTiNiA (WoriiiNii Seym. (%. 7). On Piquvria sfandlcyi Rob., Dept. 
JuTiApA: hills between Jutiapa and Plan de Tlrrutia, north of Jntiapa, 
October 28, 1940, Standicy 75196. 

Althouf^h this rust is common on Aycration, Conoclinium and Eupato- 
rium I can find no I'ecord of its havin**; been collected on Piquena. While 
differing slightly in that the teliospores tend to be narrower and (‘ommonly 
have the jmre of the lower cell depressed the similarity is still so preat 
that the specimen is so named with confidence. 

Puccinia cuilapensis Cummins, sp. nov. (fiy*. 8). Pycniis et aeciis adhuc 
ijrnotis. Urediis amphifrenis sed ])raecique hypophyllis, rotundatis, 0.1-0.3 
mm. diam., flavidis, jnilverulentis; urediosporae obovoideae vel late ellij)- 
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soideae, 17-20 > 20-25 (.i; iiieiiibraiia .1-1.5 |j cr., flavidula vel pallide aiiroa, 
moderate eehimilata; fioris jrerm. 2, aeqiiatoriaJibus, obseiiris. Teliis hyf)o- 
phyllis, rotiindatis, 0.2-().4 mrn. diam., atro-bniiiiieis, imlvenileiitis; telio- 
sporae ellipsoideae, 20-20 (-32) a 37-43 (-45) q, iitriiKpie rotuiidatae, 
medio leniter eonstrietae; membrana eastaneo-bninnea, 3-4 q er., siii)ni 
lioros ns(pie ad 8 yi iimbone ])allidi()re iiiei’assata, moderate rii<»‘oso-ver¬ 
rucosa ; poro siiperiore api<*ali vel ])lus mimisve subapi(‘ali, iiiferiore juxta 
septum sito; p(*dicelJo byalino, subj)ersisteuti vel jiersisteiiti, plus mimisve 
sporam aequaiile. 

On Sal rid (jracilis Beiith., Dept. Quezaltenanoo : rejiion of* Azufral, 
nortlieru slo])e of Volcan de Zuiiil, February 3, 1941, Siandlcij 857/f; mts. 
above Zunil, lower slopes of Volcan de Zunil, on road to Fuentes Oeorjiiuas, 
February 3, 1941, Standlrif S5 h:{(). On Sahda niocinai Benib., l)e])t. Santa 
Kosa: near Ouilapa, November 20-27, 1940, Sfandlcf/ ;<S5/5 (tyi»e). On 
Salrla sp.. Dept. Santa KosA; near Ouilapa, November 23, 1940^ Sfaudlcy 

Only uredia are jiresent on Saltda ynicilfs but the spores a<»ree ^^(*]l 
with those of the ty])e. 

I\ (‘udaprHsis differs from oilier Salna rusts having’ vernu'ose telio- 
spores bci'anse of its yellow iiredia and nearly hyaline ni*edios])ores with 
sti*i(‘lly eipiatoi’ial pores. The teliospores resemble thosi^ of I\ fannacca Lon^’ 
but are somewhat lonjicr and (*ommonl\ have the ])ore of the iii)p(‘r cell 
placed slightly to one side of the ap(»x. 

Ori'ciNiA DEdENER Maius & llolw 5). On Salvia mijvianiha F]plinj*’, 
Dept. Qttezaltenanco • rejjiion of Las Nubes, south of San Martin Ohile 
Verde, January Ki, 1941, Standlrif KWI i; vi(*inity of Fuentes Oeor^iuas, 
slo|>es of Voh'an de Zunil, Februaiw 3, 1941, Slandlrif 

I\ diyvavv has been known only in the unalial stajie but no. 83914 lias 
all s])ore sta«»'es iii’cseul, allhouj’h the aecia are too old for accurate de- 
seriptioii. 

Pyi'iiia amjihijieiious. Aecu’a amiihijreiious, in small j»Toups, often on 
veins, peridial cells collapsed but apparently mainly ellipsoid and about 
21-28 29-35 p, hyaline oi* jiale yellowish, obseui'cly piinetatc^; aecios])ores 

eHi])sojd, broadly ellipsoid or globoid, 17-23 > 22-27 |„i, rarely larjicr; wall 
1 5 p tlii(‘k, hyaline or yellowish, verrucose. Uredia and nrediospores as 
described, the spores characterized by a simple <»ermpore somewhat above 
the hilum. Telia, hypophyllons, s<‘attered, round, 0.1-0.3 mm. diam., |)ul- 
vinate, einnamon-brow n; teliospores ellipsoid or oblong-ellipsoid, (20-) 
23-29 ' 3()-43 (-49) p, rounded at both ends or somewhat narrowed below’, 
moderately ('onstriided at the septum; wall 1.5 p thi(‘k, li^ht (‘innamon- or 
‘i*o1d(*n-brown, smooth; the pore in ui)per cell apical, next the septum in 
low^er (‘ell, each (‘overed by a small coni(‘al or hemis})herical, hyaline pa])illa 
3 p thic'k, the ])api11a disappearinjr at ‘germination, whi(*h occurs without 
a rest period; ])edicel about one-lialf as lonjr as the spoi*e or shorter, 
hyaline, rather fragile. 

Puccinia dyschoristes Uummins, sp. nov. (fijr. 9). Pyi'iiiis et aeciis adlinc 
ijiuotis. Urediis sparsis, liypo})hyIlis, rotundatis, 0.3-0.5 mm. diam., cin- 
iiamomeis, puh^erulentis, epidermide rupta conspi(*ue; urediosporae ^:lo- 
boideae, late ellipsoideae vet obovoideae, 19-29 \ 24-27 [i; membrana 2 p 
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cr., (dimamoBieo-bruimea, moderate eehinulata; poris f>erm. 2, ae(|uatori- 
alibus. Teliis aniphi^enis, sparsis vel aj 2 :p‘ej?atis, atro-brunneis, pulveni- 
lentis, plus niinusve rotundatis, usque ad 1 mm. diain., epidermide rupta 
eonspicue; teliosporae ellipsoideae, utriuque rotundatae, ad septum non \e\ 
vix eonstrietae, 29-36 x 39™47 |j; meuibrana 4-5 p (‘P., ad ai>ieem 5-8 atro- 
bruimea, moderate rujroso-reticulata; ])oro superiore ai)i(‘ali, iuferiore jmope 
septum vel medium Joeulum sito; pedieello persistenti, hyaliiio, s])oram 
aequante vel loiifiiore, deorsum rujioso. 

Oil Dyschoristc qiiadranyitlaris (Oerst.) Kuiitze, Dept. Jutiapa: be¬ 
tween Jutiajia and Las Timas, northwest of Jutiapa, November 4, 1940, 
Sfandlcy 76‘2^.V. 

Pucrinia dyschoristcs resembles P. ruclliac-bonrqdvi Diet. & llolw. in 
havinj' (‘oarsely seulptured teliospores but differs beeause of tlie larger, 
thieker-walled spores. The length of the teliospores equals that of P. Unu/idna 
but the width is greater and the wall both thieker and more ('oarsely seii]]i- 
tured. Acrid id HI IrdcydintHi Syd. (XHUirs on Dyscliorisic but there is no 
present evidenee to indieate that it belonjrs with P. dyschoristrs, although 
the latter speeies is firobably autoeeious. 

The wall of the teliospores is a deep reddish brown and bilaminate but 
the lamination is ineonspieuous beeause of the density of pi»>nientation. 
The inner wall is of uniform thiekness, the slioht thiekenin^ ov(M- the pores 
beiiiji: due to the outer wall, vvhieh is only slightly lij»*hter in (‘olor. Ketieu- 
latioii of the surfaee is rather irregular and not readily diseernible. 

Ptt(Tinia fturenae (k)oke. On Finrciid incoHiplctd Ne6\s., I)e|)t. HrEurK- 
TENAN(K): near erossinji* of Kio San duan Ixtan, east of San Rafael Petzal, 
January 9, 1941, Sidiidley S:29r)S, 

This appears to be the first eolleetion of P. fuivoidc from south oi' tlu^ 
TTnited States. 

PiircuNiA inaudita daeks. & Ilolw. On Wrdrhd dcdHidrnisis II.B.K., 
De|)t. (hfiMALTENANoo: Las Childeras, Deeember 16, 1940, JoJinsion iy:2H; 
Finea La Alameda, near (Jiimaltenan^io, Deeember 11- 22, 1940, Sfdiidlcy 
79966. On Wcdclin fiJipc.s Hemsl., De])t. dAUAPA: vieinitv of dalafia, Novem¬ 
ber 7-18, 1940, SidHdJcy 77:7,11. 

These are the first eolleetions of P. induditd on the jLienus Wcddid. It lias 
])reviously been reeorded only on ZcxHicnid. 

PucciNiA PROHA daeks. & Howl. On Wcdclia fiJtprs IlemsI., Dept. 
Retali lULEU: vieinity of Ketaihuleu, February 17-Mareh 1, 1941, Sidiidley 
SH7i7. 

Speeies of Wed cl id have not been reported ])reviously as hosts for P. 
probd. 

PucpiNiA REPENTfNA dac'ks. & Holw. 9). On ArrdCdcid bvdctcdid 

C. & R., Dept. Santa Rosa: near Cuilapa, November 20-27, 1940. Stinidlcif 
77904. 

P. rcpcnihid vas deseribed on A. xanfhoriza. Bauer from Bolivia and 
has not been eolleeted previously in North Ameriea. daekson (Myeolo^ia 23: 
489. 1931) deseribed the apieal wall of the uredios])ores as 7-10 p thiek 
while in the Guatemalan specimen it is frequently as mueh as 15 p. The 
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Fk3. 7. Puccuiia rotH)rli)ni : li*li(>si)or('S fnnu Pufucria siavdlcifi. Fin. 8. ^rdiosporos of 
rnccmai cuilain i\.sis. Fig. \h Toliosnoros of Puccnna rcprnloia, a s])ocios pivviously 1 <iioavu 
only from Soiitli Amorira. Fig. 10. TTr(Mlio.sporos and teliosporcs of J*uccfnia ,^pr(fa::::i}Han(t 
on Eh'ulhvrmiihcra rudrraUs. This nist is non to North Amoiioa. x 800 . Fig. 11, Photoj;ra]»h 
of a ti'oo of ffuntpfrus vuricdua near (.Mioinal. Tlio jjalls are prolmbly formed by a species of 
(ri/niiiosporanpium similar to or identical nith G. .spccioainiL (Photo by dohnston, Dec. 31, 
P40.) 
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teliosi)ores may be verrucose, rujrose or irrej^ularly reticulate and are vari¬ 
able in size and shape and in the density of pijymeiitation. P, arracarhae 
Lajierh. & Lindr. is also known to occur on this host in Guatemala. 

Puc(TOiA SEMOTA dacks. & Holw. On IlynienoHfepli 'mm cordafuni (H. & 
A.) Blake, Dept. Cihmaltenancjo: refrion of Los Positos, above Las Gald(‘ras, 
De(‘ember 16,1940, Sfandley 80:3:37, 80:33)7, 

P. semnia is known otherwise only from the type specimen on Oymno- 
lomki suhfliUKosa, collected by Ilolway at Solola, Guatemala. 

PiTCCiNiA spEOAzziNiANA De T. 10). Oil Elenihenndhvra nuhralis 
(Sw.) Sch. Bip., De])t. Santa Kosa: alon^ road soutlieast of Barberena, 
November 21, 1940, Standley 77780. 

This rust has not been recorded previously from North Aimndca nor 
has it been reported on EUnihcranthwa. However, I have com])ared it with 
a specimen collected on Afip'dia motdcvidensis in Argentina b>' S])e<>azziiii 
and can find no substantial difference. The uredi()S])ores are characteristi¬ 
cally oblate-spheroid with a thin, cinnamon-brown wall and d or 4 eipia- 
torial or slip:htly subequatorial jiores. The telios])ores (ti^. 10) are lijilit 
chestnut- or deej) jiolden-brown and measure 23-29 41-60 p. 

Pikh'tnia subaquila Jacks. & Holw. On Wedflia (tcapidcotsts H.B.K., 
Dept. JuTiAPA : vicinity of Jutiapa, October 24-November 5, 1940, Sttntdleii 
75205. 

This South Americ'an species has not been recorded previously from 
North America. Identification can be only tentative since teliosiiores are 
not present in this (‘ollection. The urediosjiores (*orrespond, liowevei*, to 
those in Holway’s South American material. 

Ravenelia mere (himmins, sp. nov. Pycniis liypojdiyllis, hemis])haerico- 
eonicis, 80-130 p diam., subcuticularibus. Teliis aiiijdiijjienis vel jiraeciipie 
epiphyllis, 0.5-3 mm. diam., atro-brunneis, subepidermalibus; ea])itulis 
teliosporarum convexis, atro-brunneis, levibus, 50-85 (-100) p diam., (*x 
s])oris 4-8 in omni directione compositis; sporis individuis unicellularibus, 
10-15 p diam.; membrana Ip cr. flavida, ad apicem 4-6 p cr. obscure 
(*astaneo-brunnea; eystidiis eodem numero quo cellulis marj^inalibus, capitu- 
lis adpressis, in aqua intuinescentibus et ruptis; pedicello hyalino vel flavido, 
125-200 p lon^o sed deciduo, ex hyphis numerosis composito. 

On Lonchocarpns michcliarius l^ittier, Dept. Jutiapa : vicinity of Ju1ia])a, 
October 24-NoV'ember 5, 1940, Stamdley 75100 (type). On Lonchocarpns 
rugosHs Benth., Dejit. Ketalhtthou : San Felipe, January 13, 1917, E. TP. J). 
Holway 706. 

The host of the Ilolway specimen was orij^inally supposed to be Hroyni- 
ariia sp. and the rust was refiorted by Arthur (Am. Jour. Bot. 5: 427. 1918) 
as Rancnclja similis (Loiij») Arth. Mr. Standley recently examined the host 
and found it to be Lonchocarpns rnyosns. 

There are two other species of Ravcndm on Lonchocarpns which may 
be mierocyclic. One, apparently undescribed, was collected in Brazil and will 
probably be described by A. P. Viegas. It differs in habit and in havinpf 
individual spores 22-29 p in diameter. The other is R. lonchocarpicola Spe^^, 
described in 1925 (Kevista Ardent. Bot. 1: 131) on L. nitidns in Arj.rentina. 
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Tliroiifili tlie (‘ourtesy ot* Dr. Lindquist I have seen this species. The telio- 
spore-heads are s]ij>ht]y smaller and the individual cells 19-26 p in diameter. 
The s])ecies are ])r()bahly closely related. 

Uredo colubrinae Cummins, sp. nov. llrediis hypojdiyllis, laxe ap’^rejiatis 
vel plus minusvc aecpialiter sparsis, rotundatis, 125-175 fj diam., pustulatis, 
subepid(M*malibus, diu t(‘ctis. flavidis; para))hysibus ])eHpherales hyphoideis, 
incurvatis, inc()nsi)i(Miis, inrerne conjumdis; urediosimrae ellipsoideae vel 
obovatae, 12 17 - 18-26 p; mombrana Ip cr. hyalina vel pallide flavidula, 
siibtilissime echinulata ; poris <»*erm. obscuris, verisimiliter 4, aequatorialibus. 

On (UiUibnna frrrufirnosa l^ronjiii.. Dept. Qukzaltenango: below (%)- 
lomba, on road toward Asintal, Feb. 20, 1941, Sfandleif 

When telia are (lis(*over(‘{l this spcMu'es and Vrido rcissckiac Syd. inay 
prove to be closely related. 

Credo krytiirinae P. llenn. On Kiniihnna bvrivroann Ci-ban, Dept. 
CniMAi/rENAN(io: r(‘^ion ol* Los Positos, above Las (-alderas, December 16, 
1940, Statidlry sol:")!; Dej)t. Quezaltenanoo : near Pio Samala, alonp’ road 
between Zunil and Cantel, January 18, 1941, Standlrif D(‘pt, Hetal- 

irUEEU: vicinity of Petalhuleu, February 17-March 1, lf)41, Sfandlcif HS7J6. 

Originally described from the Con^o and known to oe(‘ur also in Ceylon 
ajid the Philippines, U. cvifthrinai has been reported for the Americas only 
from P](‘uador where Sydow (*ollected it in 1927 on Eryfhrnia sp. 

Credo ekmna Juel. On Ficus luroluta (Liebm.) Mi(j., Dept. Santa Rosa: 
j>lains north of Los (^‘rritos, on road between (9ii(piimulilla and El 
Ahumado, De(*embt‘r 7, 1940, Sfandlrif 797)0). 

Ur< do ficina has rei-eived varied treatment. Arthur (N. Am Flora 7: 102. 
1907) ])la('(*d it in the pcims/V///.sY>pf7/u but later (/. e. p. 696. 1925) included 
it in synonymy uiuhn* C('rot( Hum fid. Sy<low (Mono<»r. Cr(‘d. 3: 417. 1915) 
listed the specdes as l*h ifsopcUa fid, althou.t»h he did not ac(*ord PhijsopcUa 
full ^‘eneric rank, and pointed out differences between it and Kuc/nirola fid 
(Ccrofdium fin). 

Vvcdo Jiduu differs from C. fin in having* larger, more stronply echinulate 
urediospoi'es and lar*i’<*, branchtMl ])araphyses. Tln^se differences are obvious 
and constant and until t(*lia are found for V. fidnu confusion can be avoided 
by citinji’ it iindei’ the form-penus Uredo. 

Uredo machaeriicola Cummins, sp. nov. Crediis })raeci(|ue hy])oj)hyllis, 
rotundatis, 0.15 0.2 mm. diam., cinnamoineo-brunneis, si>arsis vel laxe aj^'^rre- 
Katis; para|diysibus ])erii)herales numerosis, incurvatis, eylindraeeis, ad 
apicem acuminatis vel j-otundatis, 4—7 x 40-75 ; membrana 1.5-2 p cr., 

hyalina vel flavidula; urediosporae late ellipsoideae vel obovoideae, 12-15 x 
14-18 p; membrana Oavo-brunnea, minutecpie echinulata, l-1.5p cr,; j)oris 
fterm. obscuris. 

On Machddium biorulofum Micheli, Dept. Retaehuleu : vicinity of 
Retalhuleu, February 17-March 1,1941, Standlcif 8807)7. 

This st)ecies differs From 17 mnehaerii Diet, in having' abundant para- 
physes and in beinj^’ foliicolous without causiiijr hypertro])hy or distortion. 
Its spor(*s are of approximately the same size. IJ. pusilla Kern, Thurston & 
Whetzel, Avhile having’ paraphyses, differs by reason of its larjre spores. 
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Ukedo mueiilenbeckiae flacks. & llolw. On Muchlcnbeclna taninifolia 
(H.B.K.) Meissii., Dept. Qttezaltenanoo : lower north slopes of Volcaii de 
Santa Maria, above Palojunoj, January 15, 1941, Standley HSr)51; mts. 
soiith<‘ast of Palestina, on old road to San Jiian Ostunealco, January 21, 
1941, Siandley 

IJ. mnehlenheckiav is a new species for Nortli America, having? been re¬ 
corded previously only from Ecuador and Bolivia. 

Uredo obnixa (himniins, sp. nov. TIredia hypophylla, sparsa, ovoidea 
vel liiiearibus, 0.4-1.0 mm. lon^a, bulJata, epidermide tecta, lonptudinaliter 
deliiscentibiis, idnnamomea ; urediosporae obovoideae vel ellipsoideae, 17-25 ^ 
25-JJ p ; membrana 2 [i cr., cinnamomeo-bninrn^a, moderate echinnlata; j)oris 
{»:erm. 2, valde superaeqiiatorialibus. 

On (Ufprnts wrlattosinchyiis H.B.K., Dept. Huehuetenanoo : about 
La**una de Ociibila, east of Huehuetenanoo, January 7, 1941, Sfnndlcy 
8269)^. 

Amono the Cypvrus rnsts which have superecpiatorial pores P. obvoJiila 
eJacks. & Holw. is most like Uredo obnixa, but it has smaller uredia, sliohtly 
smaller and paler iirediospores and jiores situated nearer the ecjuator. The 
spores ol* U. obnixa are also more stronoly flattened and thicker-walled on 
the pore-bearino sides. Dis(*overy of t(4ia would readily decide the possible 
relationship with P. obvohifa since it has characteristic* telia with stromatic 
paraphyses and nearly colorless teliospores with brown ))edicels. 

Uredo quichensis (himmius, sp. nov. Uredia ei)iphylla, siibcuticularia, 
sparsa, rotundata, 0.1-0.2 mm. diam., flavo-bruunea; j)ara]>hysibus copiosis, 
capitatis, 10-16 k 40-65 q, membrana 1 q cr., hyalina vel ad apicem 1.5--2 |i 
cr. et aureo-brunnea; urediosporae elli])soideae vel oblonoo-ellipsoideae, 
16-19 X 25-30 q; membrana 1.5-2 p cr. vel ad apicem et basim uscpie ad 3 p 
cr., ciniiamomeo-bruiinea, dense echinulato-verrucosa; ])oris om'm. 8-10 
bizonatis instructis. 

On Calliandra conzaiiiana (B. & K.), Dej)t. El Quk’iie, oak forest alono 
road to A^uacatan, near the boundary of Dept. Huehuetenauji'o, Dec'cmber 
27, 1940, I8iandley 81 :m, 

Uredo qnichensis dilfers from Rarenelia bizonafa Arth, & Hohv. in having 
paraphyses wdth a thin af)ical w^all and larger, uniformly and more coarsely 
sculptured iirediospores whose wall is thicker. The s])ecies undoubtc^lly will 
])rove to be a Ravenelia. 

Uromyces calopogonii Cummins, sp. nov. ITredia subei)i(lermalia, hypo¬ 
phylla, pulverulenta, cinnaniomeo-brunnea, rotundata, 0.2-0.3 mm. diam.; 
uredios])orae globoideae vel late eHii)soideae, 15-17 x 1 (Ul 9 p ; membrana 
1-1.5 p cr., minuteque echinnlata, pallide cinnamomeo-brunnea; y)oris germ. 
4, aequatorialibus. Telia uredia conformibus sed castaneo-briinnea; telio- 
sporae late ellij)soideae, ovoideae vel obovoideae, utrimpie rotundatae vel 
deorsum* plus rninusve attenuatae, 13-16 x 16-19 p; membrana pallide 
castaneo-brunuea, minutecjue verrucosa, 1.5-2 p cr., ad apicem 2.5-3 p cr.; 
pedicello hyalino, brevi, fragili. 

On Calopo()07iium. (jalactioides (H.B.K.) Benth., Dept. Chimaltenango : 
Finca La Alameda, near Chimaltenango, October 26, 1936, Johnston 165; 
December 11-22, 1940, Standley 79808 (type) ; between Chimaltenango and 
San Martin Jilotepeque, December 22, 1940, Sfandley 80947. 
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Calopoifoninui lias not been re])ortec] previously as a host for speeies of 
the Hredinales. U. cal()}) 0 (/ouil is notable for its small urediospores and 
teliospores. 

Uromycks s(^lkriae P. llenn. On Sclcria bracivaia Cav., Oept. Alta 
Verapaz: Fijiea Sanuu*, northwest of Coban, March 211, 1941, 

S!)7()(). 

This spe(‘ies, orij>inally described from South America, has not been re- 
(‘orded ]n*(‘viously for Central America. Both uredia and telia an* present, 
the iirediospoi’cs chara(*t(‘ristic because of the apically thickened wall. 

Uropyxis diphysae (Arth ) Cummins, comb. nov. (Cnlliospont dipln/sac 
Arth., Bot. (Jaz. 39: 991. 1905.) On Dijdnfsa florihuuda P(\vr., Dept. 
Huehtuotenanoo : near crossing of l?io San dnan Ixtan, east of San Kafael 
Petzal, January 9, 1941, <SJ(S72. 

This s|)(*ci(‘s has apparently never been transferred to Uropjpns, althoufih 
Cfdhosporff is no longer rei'o^nized as a valid jienus. 

The Arthur Herrarium, Purdue Cniversity Aortcttltural H\i*eri- 
MENT Station 
IjAeayette, Indiana 
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EXPERIMENTS IN THE GRAFTING OF SPECIES IN 
THE GENUS VIOLA^ 

John D. Dodd^ and Alexander Gershoy^ 

INTRODUCTION 

Cyto-taxonoinioal and hybridizHtinii studies of the ^enus Viola have been 
in pro<»ress at tJi(‘ Vermont Af»rienltnral Exi)erinient Station for a number 
of years. Tlie norm of hybridization limits amonj? the species in the various 
sections and snb-s(‘ctions of this frenns have been determined (Gerslioy, 4). 
No intersecdiodial crosses have been consummated althouy:h hybrids between 
sj)(*(‘i<‘s repr(*scntin«i: the distinct subsections of the Notniniant section liave 
be(m ^‘i*own to maturity. The present investigation represents an attem|)t to 
determine what relationship exists between the capacity for hybridization 
and the (‘apacdty for <.i‘raftin^ in this jrenns. 

In oi'der to t(\st for a ])ositive correlation it is necessary to demonstrate 
that ^I'aftin^* limits lie within tlie violet <»enus as rei)resented by the s])eeies 
availai)le for study. Evddenee in the literature of ^raftafze su^’^ests that the 
limits an* not j.jenerally (‘onfin(*d to so small a ran^e as a jicnus: 

A. .Mirov (8), in a recent paper, des(*rib(*d exj)(*riments in which he 
t'ound no difficulty in ^raftin^* various species of ])ine. 

Ih Inter^(*n(‘ric grafts in many families, jiarticularly in the Holanareac, 
have b(‘en an objec't of study by numerous workers, many of them interested 
in ('himaeras. Jones (o) Jias dis(*ussed the work of Winkler, Baur, and others 
in this respect. 

G. Daniel (8), in a review of the literature and in a discussion of his 
own work, had earli(*i* shown that ^raft combinations are ])ossibh* between 
unlike* spt*('ies of filants separated, in some cases, by greater than generic 
ditfereiu'f's. 

A general statement of the problem may jierhaps be reduced somewhat 
to the followin*’’ (piery: does a relationship exist between, on the one hand, 
the ability of two different ]>roto])lasms to survive in the close ju.xt a position 
of lissiH's such as is aff‘oi*ded in a jJtraft union and, on the other hand, the 
capa(*ity of these unlike iirotoplasms to achi(*ve a suecessful fusion of 
j2:amet(‘s? 

Tn regard to the problem of jrraftin^' limits it should be emphasized here 
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Station. 
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that the violet genus as recognized by Engler and Prantl (1) covers a very 
wide range of morphological types. It is not considered improbable, there¬ 
fore, that intrageneric limits might exist. So far as the authors are aware a 
study of experimental graftage has not been made in the violet genus. 

EXPERIMENTAL PROCEDURE 

Practic'al considerations limited the experimental program to the deter¬ 
mination of a fair sample of the reciprocal grafting combinations that are 
])ossible with available species. Five species were chosen for use as being 
representative of the wide moridiological, anatomical, and physiologi(*al dif¬ 
ferences existing among the north tcmiperature members of the genus. 

DESCRIPTION OP SPECIES TYPES USED^ 

Section Melanium: V. tricolor xar. floraircnsis (?) or 

var. lutea of horticultural origin (?). 

This species is potentially biennial but often behaves as an annual. The 
axes ot* first and second order are erect and flowering. Flowering is con¬ 
tinuous throughout the season. Except in the basal nodes of older stems the 
proportion of parenchymatous tissue is high and mechanical tissue seems to 
be limited to the xylem elements in the separate vascular bundles. The ])ith 
cells are ruxitured by stem enlargement, resulting in holloM^ stems. 

Section Chamacmdoninm: Y. canadensis L. 

This is a perennial species. The primary axes form short, thick, fleshy 
rootstoc'ks wliich are transversely geotropi<'. Set'ondary axes ar(‘ ere(*t and 
flowering. Each aerial shoot is herbaceous and exhibits rapid growth of com¬ 
paratively short duration. Leaf- and flower-size diminish markedly as meri- 
stem activity dwindles. Mechanical tissue is limited to the xylem elements in 
the separate bundles and the proportion of parenchymatous tissue is high. 
Usually the pith cells are not enlarged beyond elasticity limits as judged by 
a lack of schizogenous areas. They are capable of some regenerative a(*tivit\'. 

Section Nominivm, subsection Rostellatae: V. striata Ait. 

The basal portions of axes of first and second order become erect or in¬ 
clined w’oody rootsto(dLs of at least biennial duration. Flowering axes are 
erect or inclined. They are herbaceous and have an intact pith. There is a 
layer of presumably pericyclic fibers w^hich sei’ves to isolate the phloem 
tissue of each bundle from the parenchyma celjs of both the cortex and the 
medullary rays. New leaves and flowers are developed throughout the season. 

Section Nominivm, subsection lincmatae: V, odorata L. 

Primary axes are quite short, erect and at least of biennial duration. In 

The taxonomical descriptions are adapted from Gershoy (4). Certain anatomical 
and histological features are added by the authors in the present paper. 
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sueli axes the amounts of eortieal aiul pitli pareiK'liyma are relatively small. 
Vaseular tissue beeomes a eonijilete eyliiider resulting* in a hip:h i)roportion 
of meehanieal eonduetinji: eells. Lateral axes form short or lonj>’, leafy run¬ 
ners, potentially eapable of rooting at any node. The anatomy of these 
runners is similar to that of the primary axes althoujrh there is not as much 
me(^hani(*al tissue i)r(*sent. A terminal rosette develoi)s into a short, erect 
axis resembliufr the primary seedlin«»: axis. 

Section /aa?, subsection Plagiosiigma: V. jxtpdioDacra Piirsh. 

Primary ax(*s are foreshortened into thick and fleshy rhizomes which 
form similar, secondary axc^s in the axils of the leaves. Continual branching 
and separation of branches results in clonal clusters. Leaves are loii^-petioled 
and have* broad, cordate-ovate blades. Parenchymatous tissue is imdiiied to 
be niuc'ila^inous in older jilants, ])articularly in the i-hizome. Flowers develop 
in the leaf axils of the seedlinj*' rhizomes first. 

The i)ro<»ram of effectinii: recijirocal crafts amon;’* these five siiecies was 
carricMl out durin<»' the summen* <»rowin^ seasons of 1939 and 1940. Since the 
north tem])(M*ate spevies of violets ^row very slowly and abnormally under 
warm ^»’iwnhous(‘ c'onditions in winter they are left in a dormant state. For 
this n‘asou the study was limited to the months from May to September, i.e., 
betw(‘en the times when the leafy branches M’ei*e lar^re enouy:h to be used and 
whem they bec-ame decadent in the fall. 

During’ these two summers s(‘veral hnndi*ed ^raftinjr operations were 
performed in an attempt to develop technic^s which would permit successful 
jrraftinj^ of species with such varied morj)holojry as those selected for study. 
Many of tJiese experimental grafts were unsuccessful. However, as will be 
indicated elsewhere* in this pa])er, individually successful crafts encom- 
pass(*d most of the planned intersec'tional (*ombinations. 

It was temtatively ])lanned to attempt each intcu-spec'ific combination a 
d(*finite uumb(*r of times and then to (compare the numbers of the successes 
of each combination, thus putting the results on a statisti(*al basis which 
mij»ht i)ermit a conclusion as to the dejrree of success of any fiiven inter- 
sx)ecific combination. 

Howewer, it is obvious from the following* considerations that sucdi data 
as were obtainc^d do not lend themsedves to worthwhile statistical analysis: 

1. Since a succ'cssful jiraft indicates that a given type combination is 
possible all of the unsuccessful attempts to obtain a like combination may be 
the result of faulty technic. 

2. The sui'cessful technics were developed by the trial and error method 
and varied markedly from each other. It has not been possible to enlarge the 
experimental program in orde.r to analyze statistically the variables involved 



94 


BITLLKTIN OF THE TOBREY CLtTB 


[VoL. 70 


most closely in success. Some of these variables are mentioned 

briefly as follows: a, time of ^rraftinj?; b, relative ajires of tissues in contact; 
c, relative areas of tissues in contact; d, pressure of bindings and protection 
of the jiraft re^non. 

EXPERIMENTAL TECHNIC 

The actual f>raftiuj»‘ technics were varied for eacli combination of species. 
The reciprocals of each interspecific combination often differed from eacdi 
other, in methods uscmI as well as tissues i)laced in juxtaposition. In ^reneral, 
however, the methods used can be classified into two well known ty])es: sleeve 
jrrafts and whip grafts. Approach grafts were tried and abandoned since 
they <rave poorer results than simple whij) crafts and could only be used for 
the same types of species combinations. Bud ji’rafts would have involved the 
mani])ulation of extremely delicate tissue and were not considered ju'actical 
under the experimental conditions. Bottle jrraftin^, as desci'ibed by Blakeslee 
and Faruham (2), is an interesting method which, unfortunately, esca})ed 
the authors’ attention until the present ex])eriments were conclud(‘d. It will 
be tested later. 

Seedliu*? jrrafts presented a definite obstacle to many of the desired j»rafts 
since such grafts would have required a union between the swollen and fleshy 
primary axes of such s])ecies as papilionacca and the slender, relatively 
unstrenjifthened axes of such species as Y. tricolor. It is impossible, in such 
eases, to ade(|uately match the areas of wound surfaces. Howevcu*, the seed- 
linjis of Y. papilionacca were easily grafted to mature* stems of Y. tncolor. 
The hollow stems of tJie latter species were si)lit open lenjithwise and laid 
flat a^minst the cut surface of the fleshy rhizome of the foianer, thus com¬ 
pletely matchiuf^ the cut surface. 

In order to maintain a degree of uniformity in methods it was deedded 
to reserve the method of seedling grafts as a separate ])roblem and to use it 
in the ])resen^. investigation only as a last resort when experiments Avith ma¬ 
ture ])lants failed to yield a desired interspecific graft. 

Cuts for the graftage AV(*re made Avith a sharp, clean i-azor. The stoc-k and 
scion Avere tied together Avith strips of moistened cellophane tape which Avas 
found to be easier to manij)ulate than raffia. Each graft was bound Avith a 
narrow strip of Parafilm which Avas Avraj)ped around the gi’aft region in 
much the same manner as a tape bandage. The Avarmth of the fingers sufficed 
to form an adequate seal. This bandage Avas removed after about three Aveeks. 
A shadedrame was used during the first week but it was found that con¬ 
tinued close shading indu(*ed conditions faAmrable to mildeAV, i)articularly 
in grafts Avhich involved Y. tricolor, a species intolerant of shade. 

INTERPRETATION OF RESULTS 

At the beginning of this project it became obvious that the interpretation 



io4;ii 


DODD AND OERSIlOY: GRAFTING IN VIOLA 


95 


of results would present a luajor problem. Fruit trees and ornamentals are 
grafted with a definite end in view whi(di, if attained, indieates suee(‘ss in 
firaftin^*. Tlie ])reseiit problem, however, did not lend itself to a sinjrle and 
immediately obvious criterion of ^^raftinjr success and the selection of 
arbitrary tests which would define a fully successful ^raft became a central 
point in the interjiretation of the results obtained. 

After candid (‘onsideratiou it was decided that a pei’feid jii*aft could be 
defined as one whiidi eitluM* possessed the followiii<^* chara('t(*ristics or j^ave 
indications that these characteristics would be obtained were the ^raft car- 
ri(Ml into another ^rowin^' season : 

1. The j^raft must form a tissue union in whi(‘h livinji' cells of each mem¬ 
ber would be in immediate ('ontact, that is, there should be no layer of ne¬ 
crotic* tissue left betwec^i the stoc'k and scion. Vascnilar continuity should be 
established between the stocdc and scion in such a tissue* union. 

2. The root system of the stoc'k and the shoot system of the scion should 
both continue vijiorous jirowth. The* scion should develop vegetative* parts of 
normal appearane*e from primordia which are laid down at some time after 
the i^raftin^ ojicration. It is nee‘essary to make a e'areful (listine*tion between 
continued <ii‘owth of ue*\v pidmordia and the enlargement of jiarts in e.xis- 
tene*e pre\ ions to <»rartin<i*. 

From a th(*oretical ])oint of view it should be ])r()ve*u that the stock has 
utilize*(l food material jiassi'd across the e'ontaed le^ion by normal e'onduction 
mechanisms. The use of se*(‘dlin^ stocks would jirovide a dire*ct demonstra¬ 
tion of this sine*(* the*j*e Mould be e'omparatively little reserve food in the* 
j)i*imary axis and there would be no s(*e*ondary ax(‘s of stock orijiin M’hiedi 
would serve to fee*d the root syst(*m. rnfortunately, the ])reviously explained 
limitations to the use* (»f se(*dlin^ stoedxs have* pre\ented such a dire‘e*t physio- 
lo”ie*al criteriein. 

Some indii'ce't evide*nce has arisen that stock tissue has iitilize*d se'iem 
fe)e)elstiiffs. An (*xample* e)l‘ this is the <»’raft of V, odorata on V. fnrttlor stoe*k. 
In this ^raft einly one of the vascular bundlt*s in the* stock lornuMl vascular 
continuity vitli the* scion. It enlarj*eel, through cambial action, te) such an 
e*xtent that it bee-ame e'e)mi)arabh‘, in size, te) the stele of an entire* ne)rmal 
stem. SiiK'e all ('oniu'edion Avith the orij^inal stock sboot system hael bee*u 
severeel it s(*ems a ]>lausible ('X]>Ianation that scion foodstuffs we*re utilized 
in this h^>'])erplasti(* jiroAvth of the stoe'k. 

8. DanieFs (8) postulate that, in a successful ^raft, the se*ie)u should ma¬ 
ture fruit, s(*ems to be a sound one. In order for fi*uitin<>' te) take place a ^raft 
union must form anel the scion must e*ontinue jiTowth. It should be empha- 
sizcnl a{»ain, here, that buels of the scion in existence at the time e)f jiraftinp: 
may develop to some ext(*nt without tbe formation of a true union. In ne) smdi 
case, howev(*r, have the buds shown the be»innin<»s of sM^illen ovaries. 
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The first two criteria of j^rafting success could be presupposed from data 
showing that the scion had developed fruit from the primordia arising sub¬ 
sequent to graftage. Fruiting could, then, be used as a single criterion. How¬ 
ever, it has not always been possible to adopt this test in the present work 
because many of the developing grafts were cut short by the advent of ad¬ 
verse growing conditions, coincident with the beginning of the winter period 
of dormancy for violets. Thus, these grafts did not survive long enough to 
develop fruit. 

Attempts to overwinter some of the grafts, both on the original stock 
plants and as a form of cutting, met with failure. The a])parcnt success of a 
few overwijitcred grafts was shown to be due to the formation of roots by the 
scion species. 

From the preceding discussion it is evident that in the determination of 
its degree of success each attempted graft combination is to be treated 
separately. The attempted grafts are discussed individually under one of the 
following classifications: 

A. Successful grafts. 

B. Unsuccessful grafts. 

C. Special cases. 

I. Grafts involving V. canadensis as the scion. 

II. Grafts involving V. papilionacea as the stock. 

A. SUCCESSFUL GRAFTS 

1. y. papilionacea on Y. tricolor stock (fig. 3). 

A seedling rhizome of the scion species was sliced diagonally so that the 
apex remained uninjured. The stock was decapitated and split o])en length¬ 
wise on one side at the tip of the stump. The inner surface of the hollow 
stump was pressed against the cut surface of the scion and the graft was 
bound in the manner previously described. 

A graft union formed and the scion developed several leaves to a normal 
size. No fruit was formed during the duration of this graft but the (‘xtreme 
vigor of growth of the scion warrants its being termed successful. Mature 
rhizomes of V. papilionacea were tried with no success, the failure being per¬ 
haps due to the inhibiting action of the mucilaginous substance which exuded 
from cut surfaces and which prevented a direct cell-to-cell contact between 
the stock and scion. 

2. y. papilionacea on y. canadensis stock. 

A seedling of the species used as the scion was prepared in the same 
manner as in the preceding graft. The stock was decapitated at the second 
node and a diagonal slice of such a length that the cut surface matched that 
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of the scion was made throiijrh tlie region of the node. The injured surfaces 
were placed together and the graft was bound. 

A graft union formed and the scion developed several new leaves. It was 
considered, also, to be a j)otentially successful graft although the growth 
was not (juite as luxuriant as in the preceding case. 

3. odoraia on Y. tricolor stock (fig. (i). 

The stock was deca])itated and split open at the second node. A portion of 

а. runner of V. odorata with a developing rosette at the tip was used as the 
scion. The runner was ])artially de<‘orticated for about an inch and the cut 
surface was fitted into the hollow i)ortion of the split internode. The scion 
formed several in^w leaves and maintained a normal appearance. No flower 
buds wei-e developed before the end of the growing season. A eom])lex graft 
union formed in whi(*h a vascular bundle of the stock went through a period 
of hy])er})lasti(' enlargement. This enlargement has been discussed previously 
as evidence that the stock was able to utilize scion foodstutfs. 

4. y. strifda on V. canadensis stock (fig. 1). 

The sto<*k was d(*capitated at the second node and a diagonal slice, two 
inches long, was made uj) through the internode below to the node where the 
shoot was severed. A four-incli ti]> of a lateral flowering shoot of the scion 
parent was cut oft* at the nearest (‘onvenient node. A diagonal slice was made 
from this basal node to the node above. The graft was bound in the usual 
manner. 

The scion (‘ontinued to develop new leaves of normal ay)pearance 
throughout the summer and finally matured a small pod with one seed. This 
is a very small percentage of the normal seed number. ’ 

T). r. odorata on T. canadensis stock (fig. 4). 

The sto('k was decapitated at the second node and slic(*d diagonally as in 
no. 4. A ])ortion of a runner of V. odorata with a terminal rosette was used 
as tlie scion. This runner was s]i(*ed diagonally .so that its cut surface matched 
that of the stock. 

A graft union formed and the .scion continued noimial growth. Two seed 
pods A\ere matured during the re.st of the season. There was one seed in each 
yrnd."* 

б. V. striata on T. odorata stock (fig. 5). 

A three-inch tip of the scion plant Avas cut oft* at the nearest node and 
sli('ed diagonally. The terminal rosette of a runner of V. odorata was cut off 

“* JMjnich (8) recorded the norma] seed nuinher for several s]»eeies of viohds. The seed 
numbers of all ])ods formed by scions in the ]>resent experiments were small percentages 
of the normal number for the .species used as scions. 



98 


BULLETIN OP THE TORREY CLUB 


[VoL. 70 


and the runner was used as the stock in a typical whip {?raft. A union formed 
and the scion continued to develop new leaves of normal size throughout the 
season. No fruit was matured and no flower buds were observed. 

Although V. odorata has formed several unions as a scion this is, so far, 
the only successful graft in which this species has served as a stock. 

7. T’'. odorata on V. striata stock (fig. 2). 

A runner with terminal rosette was used as the scion. The stock was 
treated in the same manner as the stock in no. 5. The graft was a typical 
whip graft. 

A union formed and the scion continued normal growth. Two seed pods 
were matured towards the end of the season, each containing one seed. 

8. V. tricolor on V. canadensis stock. 

The stock was decapitated at the second node and its cortex was removed 
over a length of two inches ajul about two thirds of the circumference. A 
four-inch tip of a flowering shoot of V. tricolor was split lengtlnvise at its 
base and fitted as a sleeve around the stump of the stock. 

A graft union formed and slight vegetative growth occurred. Flower buds 
in evidence before the graft developed into flowers but did not develop fruit. 
However, V, tricolor does not self-pollinatc readily by mechanical means 
although it is not self-sterile. This gi’aft was regai’ded as being ojily moder¬ 
ately successful. 

B. UNSUCCESSFI'L GRAFTS 

The grafts listed below were attempted several times, with varied tech¬ 
nics, without success. However, the number of attempts was not statistically 
large enough to warrant the generalization that grafting is not possible in 
these cases. Special technics for these combinations have not been devised 
as yet. 

1. V. tricolor on V. odorata stock. 

The reciprocal of this, however, was successful. 

2. Y. papilionacca on V. striata stock. 

The reciprocals of grafts (2) and (3) are discussed under Special ('ases, 
part 2. 

3. V. papilionacca on V. odorata stock. 

4. y. tricolor on V. striata stock. 

5. y. striata on V, tricolor stock. 

Explanation of figures 1--6 

Fig. 1. r. striata on V. canadensis stoek. Fig. 2. F. striata on F. odorata stock. 
Fig. 3. F. papilionacca on F. tricolor stock. Fig. 4. F. odorata on F. striata stoek. Fig. 
5. F. odorata on F. canadensis stock. Fig. 6. F. odorata on F. tricolor stoek. 
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C. SPECIAL CASES 

Several of the grafts attempted could be classed neither as successes nor, 
definitely, as failures. Certain morphological characteristics of one of the 
species involved made it difScult to devise technics of grafting which would 
give satisfactory results from the point of view of the arbitrary criteria 
previously discussed. These questionable results are here grouped together. 

1. Grafts involving V. canadevsis as the scion. 

It has not as yet been possible to induce F. canadensis to continue growth 
as a scion, either as a self graft or with other species as the stocks. Mature 
branches form homoi)lastic graft unions readily and do not deteriorate 
prematurely, lint even in such self grafts they do not continue to develop 
new parts. As has been pointed out previously the aerial branches of this 
sjiecies have a rapid growth-phase of short duration. The growth of these 
branches as scions in a graft as well as in the undisturbed shoot is highly 
determinate in the sense that meristem activity dwindles, which causes the 
size of leaves and flowers to fall off rapidly near the end of growth. Attempts 
have been made repeatedly to graft the shoots of V. canadensis in tlie grow¬ 
ing period. However, they are so tender that they wdther quickly in spite 
of shade protection. It is considered possible that the technic of bottle graft¬ 
ing may contribute pertinent data to this i)roblem since it might permit the 
use of immature branches by giving them an accessory supply of water until 
they establish vascular continuity with the stock. 

From the above discussion it is evident that only one and, on the whole, 
an unsatisfactory criterion of success could be used here, namely that of 
graft union formation by mature branches when used as scions. 

The three grafts listed below existed for a period of more than two 
months during which time no noticeable changes in the scion, other than a 
slight chlorosis, were recorded. 

F. canadensis on F. tricolor stock, a sleeve graft. 

F. canadensis on F. striata stock, a whip graft. 

F. canadensis on odoraia stock, a whip graft. 

The remaining graft combination, involving F. canadensis as the scion, in 
which attempts were made to graft it on F. papilionacea stocks is discussed 
below under Special Gases, part 2. 

2. Grafts involving F, papilionacea as the stock.^ 

As explained above this species does not ])roduce erect, aerial shoots or 
runners of long-continued growth Avhich could be used easily as stocks. 
Attempts to use mature rhizomes were uniformly unsuccessful. The ])resence 
of large amounts of mucilage secreted by injured rhizomes has been sug¬ 
gested as inhibiting a direct cell-to-cell contact between stock and scion. 
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The leaf petioles of this species are lon^ and sturdy" enoujrh to warrant 
their attempted use as stocks. The amount of mucilage secreted by injured 
petioles is comparatively small and in several instances ^raft unions formed 
when petioles were used as stocks. A few parenchymatous cells were observed 
to have been transformed into xylem elements but vascular continuity was 
not established between stock and scion. Moreover, the scions merely existed 
without chanj»e, nom* of them showiiifr any indications of continued growth. 
These grafts are interesting, however, from the point of view of the prolifera¬ 
tion of cells which occurred. Such a proliferation iierhaps indicates that suc¬ 
cessful jii’afts are |)ossible when V. papHionacea is used as a stock, providing** 
an adecpiate technic can be devised. 

The following; sjiecies were used as scions in j»Tafts upon leaf ])etioles of 
V, papil'unuicea. The p:eneral description immediately above applies erpially 
well to all of the resultinji’ grafts: F. canadrnsiSf V. tricolor^ F. stridta, F. 
0(1 ora fa. 


'rABTJC 1. IUhuHh of (rraftouf E.rp(rnuvnis 'in fhr Genua Viola 


St(K*ks Scions 


V. atrial<i 
V. odorata 
r. papiJionaeea 
V. caiindt usis 
V. tncoloi 


S 

+ 

() 



I Indicates a successful graft. 

O Indicates a failure not duo to observed teclinical difficulties. 

S Indicates a failure which may be due to technical difticulties and is discussed in the 
text under Special Cast's. 

Self grafts have not been included in the ])r»*sent study. 


C()N(^LTTSIONS 

The I’csults briefly summarized in table 1 indicate that seven out of the 
ten graft combinations imssible among the s(*lectcd representative spcKues 
in each of the distinct sections and sub-sections of the genus Viola have been 
successfully consuninialed in at least one of the re(*ii)rocal stock and scion 
relationships. It may In* inferred from these results that the failure of one 
reciprocal can find no assumed basis in phylogenetic divergences if the other 
reciprocal has been obtained. 

It is ])ostulated further that the failures listed above are due to technic 
rather than to so-called grafting incompatibilities arising in some way from 
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phylojreiietie diverj?ence. A discussion of possible reasons for this technical 
failure has been presented in the text. 

The conclusions presented are (a) that jrraftinp: limits are not coincident 
with any morpholo^rical divisions of the {reiius such as those presented by 
Enjrler and Prantl (1); and (b) that there are probably no general grafting 
limits within the genus Viola. It would, of course, be an imi)racticable task 
to demonstrate the jiresence or absence of specific graftijig imcomiiatibilities 
which might exist between any of the large number of species in the genus, 
regardless of their relationships. The one example in the present work which 
is suggestive of such a condition is the failure of V. striata and V. tricolor to 
form a graft union in either reciprocal combination. This example, however, 
should be investigated to a fuller extent before any conclusions as to the 
failure are reached. 

No serviceable correlation can be made, therefore, between grafting 
limits and the hybridization index as determined by (icrshoy (4). In the 
latter work it has been shown that hybridization limits closely follow the 
broad morphological delineations: no crosses having been consummated 
between species in the major sections of the genus. 

However, the section Nomiriiuni is divided into thiTc distiiu't subsections 
and a few hybrids between species in different subsections are iu existen(*e. 
Of these, the hybrid V. covspersaKpapilionacca has been discuissed by 
Marvin (7) and by Pierce (9). V. paplUonacca in the Pla(/iosfi(/)na sub¬ 
section was used in the present work while V. eonsjxrsa in th(‘ RostcUaiac 
subsection is closely related to V. striata, which formed a partiall>' succc^ss- 
ful graft with V. papilionacca. 

The hybrid V. Riviniana x odorata, has not yet been discussed in j)rint. 
It is a vigorously growing form which is being studied in detail since it 
serves as a “bridging mechanism’^ between the subse<*tion Rostcllatac in 
which V. Eiviniana is placed and the subsection Uvcuiatac containing V. 
odoraia.^^ V. Rirhiiana is closely related to V. striata, which has foi'med 
successful grafts with V. odor ala. 

These data show, as might be exyiected, that success in grafting may 
parallel suc(‘.ess in the hybridization of species to a certain extent. However, 
the statement that grafting limits are not correlated with the hybridization 
index may be made quite definite by pointing out that successful grafts have 

By the use of the colchicine tochnic the sterile F-l hybrids have been induced to set 
seed. There are now in cxistenc, P-2, P-3, and P-4 x>lants which are strikingly similar in 
appearance. The fertile amphidiploid plants differ, (diaracteristically, from the sterile P-1 
hybrid in possessing feiter and somewhat shorter internodes, thicker shoots, larger and 
somewhat thicker leaves and flowers and, also, bigger i)ollen grains of which a large per¬ 
centage is quite imperfect. The F-2 plants have l)een used in })ollination with races of 
both parent species, thereby producing seeds of assumed back-cross origin (unpublished 
data). It is stated by Fngler and Prantl (1) that a hybrid of this nature does not occur 
in the wild and, moreover, is unexpected because of the dissimilarity of the species involved. 
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also been obtained between species in those frroups which are isolated from 
each other by definite hybridization barriers, i.e., the ^rrafts V. striafa on V. 
canadensis stock and V. odorata on V. canadensis stock have linked the 
Nominiiim section with the Chamaemelanium; the grafts V. odorata on V. 
tricolor stock and V, papdioiuwea on V. tricolor stock have linked the No-^ 
minium section with the Melanium ; and the {J:raft V. tricolor on V. cana¬ 
densis sto(‘k has linked the Melanium section with the C ha mac melanium. 
No hybrids between sj)e(des in these three sections are known to exist. 

summary 

An attenpit has been made to determine whether or not a correlation 
exists between the capacity for ^raftinjr of species and the hybridization 
ijidex in the ‘ienus Viola. Within the j»:enns the barrier to a successful species 
<>Taft centers upon a lack of ade(|uat(‘ te('hni(‘ rather than upon so-called 
^raftiji^* incompatibilities arising in some way from the pliylo^enetic diver- 
Pfence of the sj)ecies involved. This conclusion is drawn from results demon- 
stratin^i' ])otentially successful grafts in seven of the ten ])ossible interspe- 
(‘ific combinations amon^- the five species chosen to represent the wide ranjie 
of morphological types in the jienus. There appears to be no serviceable 
correlation between success in hybridization of species and s])ecies jiraftinji'. 

Sin(M*re ap])re(*iation is due for tin* ^amerous co-operation ^iven by Prof. 
E. Matzk(* of (^)lumbia University, who has made a constructive criticism 
of the manusci'ipt. 
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GROWTH OF FRUITS IN CATTLEYA AND ALLIED 
GENERA IN THE ORCHIDACEAE 

Robert E. Duncan and John T. Curtir 

The Cattleijeae, a tribe of the Orchidaceae iiihabitinj? the tropics and sub¬ 
tropics of the New World, (contains the majority of the important eom- 
iiiercial orchids. Its several genera, more than one thousand species, and some 
six thousand recorded hybrids form the basis of a one-hundred-million-dol- 
lar industry in this country alone. Four of the genera, Brassavola, Laclidf 
Caitkya, and Sophronitis, and their intergeneric hybrids indicated by 
combiiiation names, such as Brassolaeliocattleya, contain the ‘^Catts^’ of 
commerce. 

The development of fruits in the Cattleyeae has been studied only by 
Veitch (1888) who gave the periods of time elapsing between pollination 
and fertilization, and between the latter and fruit maturation of Cattleya 
labiata var. mmsiae and illustrated the fruit wall changes. In general his 
treatment is much like Hildebramrs (1863) and Guigmmrs (1886) with 
respect to other orchids. The value of these investigations, in addition to the 
periodicities listed, lies in the formation of the twofold concept that pollina¬ 
tion functions in setting fruit and is necessary prior to fertilization. 

Kirehner (1922) investigated the course of events after self pollination 
in orchids. He found three types of behavior, which led to sterility, based 
on inability of the pollen to germinate on the stigma, inability of the j)ollen 
tubes to.grow down into the ovary, and production of seeds without embryos. 

Duncan and Curtis (1942a) found phases of growth in both length and 
diameter of the fruits of Phalacnopsis, the phases being correlated with 
certain internal changes. These changes are fundamental physiological hap¬ 
penings, such as pollination and fertilization. They showed the inter-relation¬ 
ships of incompatibility-sterility factors to growth of the fruit. In PhaJae- 
nopsis there are three phases of growth in diameter, during which prolifera¬ 
tion of the placentae culminating in the initiation of ovule rudiments, mat¬ 
uration of the macrogametophytes, and embryo growth respectively take 
place. The first phase of growth in length lasts through the first two phases 
of growth in diameter; the second, when present, takes place at the time of 
embryo grpwth. The maximum rate of macrosporogenesis occurs during a 
relatively quiescent period, as far as growth in diameter is concerned, be- 
tAveen the first and second phases. Fertilization takes place when both growth 
in length and diameter is near a minimum. 

Duncan and Curtis (1942b) found two phases of growth in diameter of 
fruits of Cypripedinm and Paphiopedilum, These phases coincide with 
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iiiacrojjfRiiietophyte maturation and seed development, ovule rudiments being 
present at the time of pollination. A single phase of growth in length con- 
eludes at the time of fertilization. 

Kiley (1942) has pointed out that the radii jiassing through the septum 
and midrib of Iris fruits grow at relatively different rates but reversals in 
the rate of growth of the radii o(*eur so that the one originally growing faster 
is then slower. These ehanges in rates, producing breaks in the growth curve, 
take place when the fruit shaf)e shows evidence of changing. Fertilization 
api)arently bears a relationship to one of the breaks. 

MATERIALS AND METHODS 

The genera, species, and hybrids used in the present study may be found 
in the following list : 


Species 

Jirafisavo!a nodosa Lindl. 

Caitleifa amrtliifsiof/lossa Lindl. & Reichb. f. 
(\ bicolor Idiidl. 

C. bownuffiana Vb‘it(di 
C. ffranulosa Lindl. 
r. (jullaia Lindl. 

C. inlrrmcdia (traliam 
C. labiata Lindl. 
r. loddigrsn Jiindl. 

C. Inlcola Lindl. 

C. si invfn liateinan 
C. Irianaei Lindl. & Reielib f. 

Ejndcndrum cdiarc L. 

K. cochlraturn L. 

E. iampnatf Lindl. 

Larha qouldiana Reichb f. 

L, purpurata Lindl. 

L. lenrbrosa Cower 
L, xanihiXa Lindl. 

Lrplolfs bicolor Lindl. 

ScUomhnrpkia hfonsii Lindl. 


Hybrids 

lirasHOcaiileya John Linford 
\ lie. Jnpilcr 

> lie. Marie ^farir 

y lie. Velioiv Hammer 
^ lirassolaillocaltleya Doiolhy Fennell 

> Cattleya amabalis 

< C. Jirnssels 

> C. Cadivalader 
' r. Huprenna 

' C.Enid 
s C. Kitty Wren 
C. Mvna 
C.MoUn 

- C. Piinee Shinauhn 
^ Epidendrnm Hnrlomal 
^ iMehoeatileya No. Id 
^ IjC. No. .hi 
V 1a\ No. W1 
Le. Canhamiana 
/ Le. (h)mersal 

> Le. G. S. Ball 

< Le. Sehdienana 
Le. Wellsiana 

> Sophrolaelioeattleya No. 519 


The studies were made at the Morris Arboretum and the botany green¬ 
houses of the University of Pennsylvania, both in Philadelphia, and at the 
ranges of Dr. 0. K. Schubert and the botany greenhouses of the University 
of Wisconsin, both in Madison. 

Pollinations were cross (between clones), close (within the clone), or self 
(within the flower). Distant crosses w^ere intrahybrid or interhybrid, intra- 
speeifle oP interspecific. Interhybrid crosses were intrageneric or inter- 
generic. The number of pollinia forming the entire complement of a flower 
was generally used (four in Cjalileya, six in Lcptoics, eight in Laelia). There 
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are several exceptions caused by size of the stijj:matic cavity which was some¬ 
times too small to hold all the pollen. The most study was devoted to four 
forms: ('attleya trianaei, C. bowringiana, Epidendrum tampcnsc, and E, 
cocJdeatum var. iriandrnm. Approximately 175 ovaries were measured from 
flower to mature fruit in all the studies. 

The fruits of the Catileyeae like those of Phalaenopsis and the Cypri- 
pcdilinar are lined with grooves whose terminations are closely associated 
with the distal and proximal limits of the ovary cavity. It is not unusual, 
however, to find fruits whose grooves extend either somewhat down the pedi¬ 
cel or slightly up the beak of the ovary. Since measurements made of the 
])edicel and beak of the ovary do not change during fruit maturation these 
slight variations were disregarded and the groove length has been accepted 
as the length of the ovary. In later studies these limits were marked with 
India ink so that the distance between the same points could be measured 
moi*e exactly each time. The diameter at a level about one-half the way down 
tlie ovary was marked and measurements made at this point. As the ovaries 
of some s])ecies enlarge the edges of certain lobes fold back, leaving an ever 
widening sinus in which the alternate lobes are located. The width from the 
enlarging edge of the wing of one lobe to that of the adjoining—in otluw 
words the width of the sinus—was measured in several scries from the time 
of its ai)pearanee until its permanent width was reached. All measurements 
were made to 0.1 mm. with vernier calipers at weekly intervals. Graphs were 
made by plotting a moving average of the weekly ])ercentage of total growth 
in length and diameter respectively. 

Fruits of Catileya trianaei, C. bowringiana, Epidendrum fampensc, and 
E. cochleatuni var. iriandrum were removed at intervals, fixed, and sec¬ 
tioned for study of internal changes both in the ovary wall and ovules. When 
the fruits were mature the percentage of fertile seeds was (leterniined by 
counting statistically significant samples of well mixed, dry seeds from ea(*h 
fruit. All those seeds having an opacpie embryo of normal size were con¬ 
sidered to be fertile. In some instances germination tests were used to cor¬ 
roborate these counts. When fruits ripened jirematurely they Avere examined 
in an effort to determine the cause. 

The effect of the amount of pollen on the growth of fruit was tested by 
varying the number of pollinia applied to the stigma. One, two, four, and 

Explanation of figures 1~10 

Gni})h8 portraying the growtli of fruits of ten species of the Catflryrar. Growth in 
length is iShown by solid lines; growth in diameter by doited lines. The figures at the left 
of each grajdi represent percentage of total growth in length; those at the right ])erceritage 
of total growth in diameter. Fig. 1. Brasaavola nodosa. Fig. 2. Epidendrum ciliare. 
Fig. 3. Laelia tenehrosa. The last phase of growth in diameter occurs after twenty weeks 
and is not shown on the graph. Fig. 4. Lepiotes hieolor. Fig. 5. Bchomhnrglcia lyonsii. 
Fig. fi. Epidendrum cochleafym var. Iriandrum. Fig. 7. Catileya amcihysioglossa. Fig. 
8. C. bowringiana. Fig. 9. C. granulosa. Fig. 10. C. loddigesii. 
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six pollinia were used in two series of pollinations: one series on x Catileya 
Molly; the other, on C, trianaei. 

Lig^ht, ainon^ environmental factors, was studied with resx)ect to its effect 
on the growth of fruits, A number of flowers were iiolliiiated on Catileya 
trianaei: one series on plants growing in an eleven-hour day and another on 
plants growing in day length increased to twenty hours by two 100-watt 
fluorescent-tube lights. 

Attempts were made to simulate the pollination effects by various cliemi- 
cals and to induce fruit development by artificial means. 

RESITLTS 

Figures ]~10 portray the growth of fruits of six genera of Cattleycac and 
of four species within the genus Catileya. All fruits represented in this 
grou]), with the exception of that illustrated by figure 5, produced seed, and 
are characterized by three phases of growth in diameter ajid one major ])hase 
of growth in length. A second and minor phase of growth in length is not 
always found, but when present, is associated with the third and last phase 
of growth in diameter. 

The orchid ovary has six components whi(*h appear as lobes in cross sec¬ 
tion. Three of the components each bear a single placenta and three are 
sterile. Morphogenesis of the ovary wall from flower to mature fruit varies 
greatly from species to species of the Cattleyvac. P^or example, tlie six com- 
I)oiients of the ovary of Catileya howringiana are approximately of th(‘ same 
size in the flower and grow at about the same rate during fruit develo])ment. 
P’’laps of the placentiferous lobes abut on each other and hide the sterile lobes 
until dehiscence of the fruit in certain races of C. trianaei (figs. 19, 23-26). 
The sterile lobes are hidden in the flower of Laelia tenebrosa but are disclosed 
by the widening of the sinus between the placentiferous lobes as the ovary 
grows. The placentiferous lobes assume a number of different forms in addi¬ 
tion to their varying relative iiroportions in the fruit. P^igures 15 and 17 to 
20 inclusive illustrate some of these conformations. The effect of structural 
differences of the wall on the growth curve for diameter can be deduced by 
comf)aring the curves for bowrinyiana (fig. 8) and Laelia tenebrosa 

(fig. 3). 

The amount of pollen placed on the stigma does not alter the jiroportions 
or shape of the mature fruit but does increase the ultimate size reached in 
growth by the fruit (fig. 27). Figures 11 and 12 show that the weekly incre¬ 
ments oT growth in both length and diameter are increased by the appli(*ation 
of a larger number of pollinia. Growth in length is maintained at a greater 
rate for a longer period of time in the first growth phase of ovaries which had 
been pollinated with six pollinia (fig. 12). The position and time of the iiiter- 
phases of growth are not affected. The peaks of the second and third phases 
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of g:rowth in diameter are shifted farther apart; the duration of the inter¬ 
phase, in which fertilization takes place, is lenp:thened. The percentajre (not 
the number) of seeds containing? embryos is not sipiificantly affected. The 
yields for y Catfleya Molly with one poHinium is 58.8 per cent; with two, 
53.3; w^ith four, 51.8; and with six, 54.2. The yields for C. trianaei with one 
pollinium is 51.2 jier cent; with four, 54.0; and with six, 61.0. This series 
seems to indicate an upward trejid with inereasiii}? numbers of pollinia but 
any possible sionifican(*e is nullified by the results with x C. Molly. 

Increasing* the effective day lenj?th from eleven to twenty hours brinf?s 
about the maintenance of growth in lenjrth and diameter at a Jii}>:her rate 






Fujs. 11-14. (IrapIiH illustrating growth of fruits of Cattleya trmyxaci. FiG. 11. 
Tiiereincnt (nirvos of growth in diamotor for three fruits of a late blooming form, each 
with a different nuinber of pollinia. Fig. 12. Tnerement eurves of growth in length for 
the same fruits as in figure 11. Fig 13. Increment cuives of growth in diameter for fruits 
of two jilants of an early lilooining form, each exposed to different day lengths. FiG. 14. 
Increment curvi's of growth in length for the same fruits as in figure 13. 


over a longer period of time (figs. 13, 14). This is particularly true with 
respect to diameter; however, growth in diameter in the twenty-hour day 
never reaches the ])eak rate that is reached under the eleven-hour day. The 
lieriod of slower growth between the first and second phases of growth in 
diameter it obscured. Neither the period of time necessary for the maturation 
of the fruit nor the ])er(*entage of seeds jiossessing embryos in a fruit is 
altered b.y the inci*eased da.N^ length. The percentages were 55.2 for a fruit 
from the eleven-hour day aiid 52.9 from the twenty-hour day. 
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The following? list is made up of selected crosses of various kinds. Low 
percentajie of viable seeds is reflected to a limited extent in curves re])re- 
sentinj*: increments of f>TowtJi in diameter. 


I’MU’KNTXGK OF SEKDS POSSESSINO EMBRYOS 


(UitUrifd species 

Per cent 

\C. Mollify cross polliiioted 


C. tnanarif cross pollinated 


(4) 

61.8-51.2 

(«) 

37.(>-()l .4 

V C. Moll If, selfed (1) 

0.0 

(\ Irianariy self eel (1) 

0.0 

Lad local 11 epn hybrid X Lad lo¬ 


C. hoivringiana^ cross polli- 


cal fir i/a hybrid 


iijited (4) 

()(>.7-78.n 

^ Lc, Xo. !JL close j)olliii:it(‘d 


Jjarlia species 


(2) 

17.1-17.2 

imebrosa, cross ludliiinted 


> Lc. Xo. 1!), cross ])olliMnt(d 


(ii) 

48.3-64.8 

(1) 

28.0 

Cattleifa species X Laclia s])e- 


Ladiocat llepa hybrid X Caf- 


cies 


llepa hybrid 


C, hoicnriffiana X L. icne- 


X Lc.'Xo.'jl X X a. Mollp (1) 

11.1 

brosa (2) 

41.7-62.1 

X Lc. Ac. Ld X'^C. Kit ip 


L. tenebrosa X C. bowrinpi- 


H'mi { 1 ) 

36.2 

ana (2) 

6.2-19.7 

Ladia spretrs X Cat tic pa hy¬ 


Cattleifd species X (Uiftlrifa l»y- 


brid 


1)1* id 


Ij. tc IK brosa X ^ T. Mol Ip (1) 

87.2 

(\ loddif/csu X ^ C. MoUif (1) 

63.6 

Cat Ur pa hybrid X Ladia species 


(Utllleifa hybrid X Caiilciia spe¬ 


X r. Mollp X Iriirbrosa (1) 

66.6 

cies 


Catthpa hybrid X Larhoral 


X C. Mol Ip X C. lab lot a (1) 

64.1 

llrifa Ijybrid 


Calllepa hybrid X CaiHeim i)_N- 


V r. Mollp X V Lc. Xo. 19 (1) 

64.8 


lil'id 

The study of the internal development shows that ])lacentae of Epidcn- 
drum cochlraium var. friandnim, at the time of ])()llination, has already 
nnder<>one some j)roliferation. This is Jiot true of Lueliif xanlh 'nia 17) 
or (Uiitlvya am(dJufsto<jIoss(i. In C. (jntnulosa (fi^. 18) there is a certain 
amount of proliferation by the time the perianth expands but the* ])lacental 
ridjjres are still reflexed. CatiU ija amrthtjsfoylossa has placental ridji’cs which 
project radially toward the (*enter of the ovary cavity; however, little pro¬ 
liferation has taken place by the time of anthesis. One week after pollination 
the ovary of E. rochlrafnm var. iriandrmn has enlarged coiisiderably throujih 
])ericlinal elonjration of the inner cell layers of the ovary wall. This, together 
witli the enlarji'ement of outer cells of the ovary wall, allows a considerable 
increase in the amount of ovary cavity into which the placejitae have ex¬ 
tended throufrh enlarji’ement of their constituent cells. Only scattered 
nuclear and cell divisions were seen in the ovary wall, those ])resent bein^* 
in the vicinity of the veins, the hypodermal layer of the placentiferous lobes, 
and the rejyions where dehiscence will take place at maturity. Greatly en- 
larjred scattered cells contain either raphides or elaioplasts, both haviu*? been 
present in cells of the ovary of the unpollinated flower. There seems to have 
been a {»:eneral increase in the number of cell layers in the ])ortion of the 
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ovary wall adjoiiiiiij** the cavity but iiisiiffieient cell divisions have been seen 
to acfeount for the approximately five extra cell layers of tlie wall. It is possi¬ 
ble that these took pla(*e as in Phalacnopsis very shortly after j)olliiiatioji— 
within two or three days. The proliferations of the placentae in the week-old 
fruit show some s(*attered nmdear and cell divisions but in j»:eneral the tips 
of the ramifications have assumed the shape of an ovule rudiment. In some 
(‘ases the hyiiodermal c(‘ll has enlarjred somewhat, and has the apiiearance of 
a ])rimary archesporial cell. 

At the end of the second week }»Toups of pollen tubes are found ^rowiiij*: 
alonji’ the sides of the placentae. The ovules show the be‘»innin{»‘s of the first 
integument and a curvature. There are a considerable number of division 
fi^iures in the nucellus and bejrinninji- integuments. One week later the nuu'ro- 
sj)ore mother-cells of most of the ovules are enterinji' rediu'tion division, 
although a few ovules contain four-nucleate macroji'ametophytes. At the close 
of tJie fourth week a few ovules are ready for fertilization, but the majority 
still ('ontain macrospore mother cells in some staj>e of rediudion division. 

By the end of the fifth week, at the time of a second phase of }i:rowth in 
diameter which is very closely associated with tlu‘ first (fi<»*. (>), a ‘ireater 
})ortion of tin* ovules have assumed mature form and shape. During* the 
ensuin<r tvo W(*eks fei'tilization takes ])la(*e. At the (‘omdusion of seven weeks 
most of the ovules contain small embryos. At the end of the ninth week, dur¬ 
ing*' th(‘ third phase of <*rowth in diameter (fi<>'. (i), the embryos have eidar<>ed 
ji'reatly, tiunr snspensoi*s have <>Town out throujih the micropyle and reached 
the surface of the ]da(‘(‘ntae. The seinl coats have taken on their mature 
texture. 

The intervals at which the ovaries of other foimis reach the (*ritical points 
of meiosis and fertilization vary considerably. In many of the one-leaved 
species of Caltlcipi th(» fii*st ;:rowth ])eriod intervenin<i* betw(‘en pollination 
and r(*ductioii division in the ovules is about seventy days. Fijiure 28 is a 
])hoto”raph of the bundle of pollen tubes dissected out of a fruit of (\ 
iri(nut('(~ just prior to fertilization. The column and beak of the ovary which 
is left attached at the npi)er end <*ives an indication of the relatively larj^e 
1)i*oi)orti()n of pollen tubes to ovary. 

The ])eriod mvessary for ri])enin}i* of the fruit and the natural dissemi¬ 
nation of the s(*eds varies from three months for Kpidcudnim cochiraimn 
var. friandnim to fifteen for trianaci under ^reeidiouse conditions 

ill AVisconsin. 

Induction of parthenocarpy by artificial means was attempted in a series 
of ex])loratory experiments conducted over a three-yi'ar period. Fourteen 
s])ecies in the following- j»'enera, of which only Larlia and Caiilepa belonji* in 
the Catfivpcar, were used as experimental material: Cafilvpa^ Cpriopodium, 
La<lia,Milfo}iia, 0}icidiuinphiopcddinn, PJialacnopsis, Vanda, and Zijgo- 
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petahm. Substances employed were: indole-acetie, indole-proi)ionic, indole- 
butyric, and naphthalene acetic acids; Gonadoj^eii; water and alcohol ex¬ 
tracts of both uiijyerminated pollinia and pollen tubes. These agencies were 
tried in different concentrations in water solution, in glycerine solution, in 
lanolin emulsion, and as dry crystals (where possible). They were applied 
externally by spraying? or painting, internally by injection into either the 
ovary cavity or the nectary, or were introduced into the stifrmatic depression 
in cotton pellets or dry ajrar blocks in simulation of natural pollination. 

The heteroauxins and the pollen extracts broujrht about wilting; of the 
perianth in all species, except in Zygopeinlnm whose ])erianth segrments do 
not wilt even after pollination. The stigrma chanjres associated with pollina¬ 
tion in Phalaenopsis were duplicated by 0.1 per cent indole-acetic acid in 
lanolin. The most efficient method of application was the dry ag^ar block 
techniciuc. Apparently the absorption of water by the ag:ar influenced the 
water relations of the perianth in the same manner as the natural pollinia. 
Initial elongation of the ovary was noted in Caltleya (maximum elongation 
was 7 min. in C. irianaeA). In no instance did any of the treatments on any 
form result in fruit formation.^ 


DISCUSSION 

Comparison of the growth curves of the various members of the Cattlcycae 
included in this report reveal considerable variation in length of time elaps¬ 
ing between pollination, meiosis, fertilization, and maturation of the fruit 
respectively. There is a further variation in the relative magnitude and pro¬ 
portions of the various parts of growth curves erected on weekly increments 
of growth. Epidendrxm ciliare var. laiifolia (fig. 2) and E. cachhafitm var. 
friavdrym (fig. 6), for example, differ greatly in the duration of the first 
phase of gro^^dh in diameter, the former having a considerably extended first 
phase. E. cochleatuni var. triandrum has a second jihase of growth in diame¬ 
ter which is greatly telescoped by the first but clearly distinct from the third. 
In general, however, there are three phases of growth in diaimder and one, 
sometimes two, of growth in length of fruits of the Cattivymr studied. The 
phases of growth in diameter coincided respectively with prolifei'ation of the 
placentae and initiation of ovule rudiments, growth of the ovule and matura¬ 
tion of the macrogametophyte, and growth of the embryo and maturation 
of the seed. The first phase of growth in length is generally completed before 

1 Huliert and Maton (Partlieiiocarpie en groeistof. Natuurwetenschap. Tidjschr. 21: 
339-348. 1940.) have reported the production of parthenocarpic fruits of considerable size 
induced by the application of crystals of naphthaleneacetie acid on the stigmas of a Cym^ 
bidivm hybrid and Oncidium longipes. The bearing of our own res\ilts on this report is 
obscure. The publication has not been available to the authors. 

Since this paper has gone to press we have had some success in setting parthenocarpic 
fruit on Zygopefahm mackayii with naphthoxyacetic acid and naphthalene acetamide. 
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the end of the second phase of {growth in diameter. At the conclusion of the 
first phase of growth in diameter meiosis is taking: place. At the conclusion 
of the second in diameter fertilization occurs. 

The first phase of o'rowth in diameter is sometimes modified by the initi¬ 
ation and frrowth of a sinus, as in Cattleya trianaei (fijrs. Ul, 23-26), between 
the winjrs of the plac'entiferous lobes. It is possible that telescoping,^ of the 
first two phases of {rrowth in diameter in Epidendrum cochleatiini var. tri- 
andiitni is caused by the growth of the singular projection of the placen- 
tiferoiis lobe at the time of meiosis (fi^rs. 20-22). Epidendrum ciliare (fig. 2) 
and E. lampense (figs. 15 and 16), which do not possess such projections, do 
possess ('lear cut first and sec'ond phases of growth in diameter. Shortening 
the i)eri()d devoted to (*ach phase (climate would shorten the growing |)eriod) 
tends to run the phases together. Epidendrum covhleaium var. iriandrnm 
lias the slioi'test ripening ])eriod of any member of Ihe CaHleyeae studied; 
it is native to the northern shores of the Gulf of Mexico. The phases, of 
course, could be i)()rtrayed graphically more readily by the use of four-day 
rathen* than weekly intervals of measurement. 

Th(‘ growth of the fruit and its relation to internal changes in the 
(kittleyvae agr(‘e precisely with the development of fruits of Phalaenopsis, 
The peak rate of growth in hnigth generally occurs at about the same time 
as the peak rate of growth in diameter; this feature of the daftleycae is un¬ 
like Phala< n(^psfs whose peak rate of growth in length occ'urs between the 
first two i)hases of growth in diameter at the time of the maximum I'ate of 
mac'rosjiorogeiiesis. 

The chief difference between the members of the (Uittleyeae and Phalae- 
iiopsis with resi)ect to pollination effects lies in the behavior of the stigma. 
The edges of the stigmatic cavity of Phalaenopsis grow over the cavity and 
im])rison the ])ollinia. This growth is brought about by enlargement of the 
cells making u]) the tissue involved. The stigma in the Vaiileyeae remains 
uiK'hanged after pollination with the exception that at times more stigmatic 
fluid may be secreted. Since this difference is one that mainly (*oncerns water 
relations it is possible that an effect on growth could be detected. The initial 
lag for one oi* two weeks in growth in length of fruits of Phalaenopsis is not 
detec'ted in the growth of fruits of the Caftlcyeae. If such a lag is present it 
is of considerably reduced duration. A rapid initial growth in length is 
characteristic of the CatiUycae, the only exce])tion found being Epidendrum 
ciliare. An immediate redistribution of water under the stimulus of pollina¬ 
tion is indicated by the simultaneous collapse of the perianth and the en¬ 
largement of tissue in other parts of the flower—i.e., the enfolding of the 
stigma edges in Phalaenopsis and the elongation of ovary wall cells in the 
Cntilcyeae. The application of heteroauxins brings about these respective 
effects. 
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Growth in diameter of the ovaries of Cypripvdium and Paphiopedihim 
is eharaeterized by two j^rowth phases: during the first, meiosis and develop¬ 
ment of the ma(*rojiametophyte oeenr; durin*^ the second, seed maturation. 
Fertilization takes place in tlie period of little or no growth between these 
two ))hases. Growth in lenjrth has concluded by this time. At the time of polli¬ 
nation the ovules of Cypripcdiutn and Paphiopcdilum are present and con¬ 
sist of a nncellns containinji' a distinct archesporial ('ell and the befrinninfrs 
of the inner internment. The two rrowth phases in diameter in the Cypri- 
pcdihnae are homolofions to the latter two phases (jf rrowtli in diameter in 
the fruits of the Caffleyrac. 

Dnncan and Curtis (1042b) sii<rp:ested that three tyi)es of frnit develop¬ 
ment conid be dist in finished by the number of phases of rrowth in diameter, 
the number jiresent beinj*: ('orrelated with the sta<re of development of the 
ovary at the time of [lollination. Jf the flower opens when the placentae have 
not nnderfrone proliferation, three ])hases of growth in diameter of tlie ovary 
are prescmt; if the flower ojiens when the ovnle rudiments are present, two; 
and if the flower opens when the ovules are ready for fertilization, one. The 
first type should be modified, according; to obsei'vations in the Cattle to 
include flowers whose ovaries contain at antliesis ])lac(nitae whi('h have pro¬ 
liferated to a de<»i‘(‘e but have not nnderjrone their entire ])roliferation. 

The diflpenmces in the development of the ('omponent ])arts of the frnit 
wall, snch as the initiation and growth of winj»s or reflexinji* of the edjrc'S of 
the pla(‘entif(n*ous lobes, affect tin* shape of the curve re])resen1inj»: the first 
j»rowth i)hase in diameter Since these structural clianjics vary from species 
to s|)(»cies of the (\ittleyeae the curves r(*prcsentin^' growth in diameter of 
a spec'ies may possess a certain amount of individuality. The growth of the 
sinus in LaeJia ienchrosa brinjrs about a triinodal appearaiu'e of the first 
j^Towtli phase in diameter as the initiation, waxing’, and waning’ of the j^rowth 
leading* to the wideninji- of the sinus ('ontributes to or decreases the rate of 
f>’rowtli in diameter. Snch fluctuations are emphasized by the presence of 
smaller amounts of pollen on the stifiina as is demonstrated in (Uifficya 
triaaan (fio*. H). ]f the six components undergo about the same develop- 

Explanation of figures 15-26 

Diagrams of cross-scrtioiis of orelml ovari(\s. Fig. lo. Epidrndnnu famprn.sr. Cross 
section of ovary of an unj)olliiialo(l flower. Fig. 1(>. E. tampcn.sr. C^ross-section of ovary 
containing seed. Fkj. 17. Larha .laritlnua, (^ross-section of ovary of iinpollinated flower. 
Fig. 18. Catflcpa pranulosa. Cross-sc'ction of o\ary of un])ollinated flower. Fig. 19. C. 
irmnaH, Cross-section of ovary of unpollinated flower. Fig. 20. Epidciuirnm cochlrafum 
var. iriandrum. Cross-section of ovary of niipollinated flower. Fig. 21. E. corhlralum var. 
triandrum. Cross s(M‘tion of ovary two w(‘eks after ])ollination. Fig. 22. E. cnchlva!urn 
var. triandrum. (h’oss section of ovary three weeks after pollination. Figs. 15-22. x 8. 
Figs. 23-20. CatUvya trmnari. Cross-sections of ovaries showing the folding hack of the 
wings of the placamtiferous lobes at three, four, nine, and thirteen weeks after ])ollination. 
One-half natural size. 
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ment or if the proportion of sterile to placentiferous components remains 
about the same during’’ the course of development, the jrrowth curve is little 
affected, an example beinj^ Cattleya howringimia. This is true of Phalae- 
nopsis. 

Since an increase in the number of pollinia applied to the stij^ma merely 
increases the size of the fruit, it may appear to be brought about by the 
increase in dosaj^e of the jrrowth regulatory compound or compounds which 
they contain. Extracts of the pollen, even thou^rh they do not <?ive rise to 
parthenocarpic fruits, produce the same initial effects as the pollen itself. 
The substance responsible for fruit set may be produced by fferminatinp’ 
pollen grains. Injections with w'ater extracts of pollen tubes from pollen 
germinated on agar or on fluid of stigmas from excised columns, however, 



Fig. 27. Mature fruits of Cattleya trianaei. The smallest fruit received one polliuium, 
the intermediate, four pollinia, and the largest, six pollinia. The data for figures 11 and 
12 were obtained from these fruits. 

Pig. 28. Bundle of jmllen tubes dissected from a fruit of Cattleya trianaei just before 
fertilization. The beak of the ovary is left attached to indicate the relative size of the 
pollen tubes. 

gave negative results. This suggests that some relationship between stigmatic 
or stylar tissue and pollen tubes may be necessary—that one may activate 
the production of the growth regulatory compound in the other. These find¬ 
ings are in line with the conception that the entrance of i)ollen tubes into the 
ovary cavity is necessary for fruit set. 

Certain of the reagents used in the work with orchids, injected into or 
sprayed on flowers of such plants as Carica papaya and Lycopersicon escu¬ 
lent nm, caused ripening of parthenocarpic fruits. Although our experiments 
are by no means exhaustive, it would appear that the substances responsible 
for fruit set in the Orchidaceae are different from, or at least are not acti- 
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vated by, the same substaiiees that Gustafson (1938) found to be effective in 
a wide ran«*e of dicotyledonous 5i:enera. 

Fif»:ure 5 illustrates the fact that a fruit set with incompatible pollen 
nevci* jmsses through all the jrrowth phases of the fruit but ripens prema¬ 
turely. This close mating beIonji:s to the catejrory of incompatibility in which 
fjermination of the pollen and entrance of the pollen tubes into the ovary 
take i)la(*e but fertilization fails, the apparent cause beinjr the inability of 
the ])ollen tubes to ^row out to any {jrreat extent over the extremities of the 
])lacentae. The ovules do not be(*ome seed-like. Two earlier occurrinj>: types 
of incom])atibility, the inability of the pollen to ‘Terminate on the stijrma or 
of the pollen tub(‘s to ‘•rown down throiurh the stylar tissue, fail to do more 
than hold the ovai*y on the inflorescence for longer than a few weeks, abscis¬ 
sion takiujT* place at the base of the j)edicel. The fruit of xCatfleya Molly, 
oivcMi in the list of “])ercenta^e of seeds possessing* embryos’^ as zero per 
cent, (‘ontained ovules whose integuments were of mature size and texture. 
The curve representiiif*' firowtli in diameter of this fruit sujT'jrests a third 
ji'rowth |)hase. It is ])ossible that the cause of this ty])e of sterility lies after 
fertilization. The third phase of ‘rrowth in diameter in corres])ondin»* fruits 
of PhalavHopsis was not d(‘tected, and this type of stei'ility was fTrouped with 
those in whi(‘h the pollen tubes fail to jrrow out over the placentae and the 
fruit ripens ])rematurely. These, too, may have been brouj**ht about by post¬ 
fertilization failures. Fruits affected by this type of sterility ri])en somewhat 
prematurely. The difficulty in assifrnin^ the cause in such chance cases lies 
ill the fact that by the time the fruit has ripened the tips of the pollen tubes 
hav(‘ disiuteji'rated. 

The list of perceiitaire of seeds jiossessinjr embryos brings out several facts 
that should be of interest to the practical breeder of orchids. As far as pren- 
eral breedin<»* work is concerned they offer nothinp* new. Matiup: members of 
a species with other members of the same s])ecies seldom results in excep¬ 
tionally hijT'h se(*d set. The section of the peniis Caffleya to which C. hoiv- 
riuyiana belonjrs, the Diphyllav, yields the hip:hest counts Keciprocals by no 
means ^ive equally p:ood results. The cross between Lavlia tvnebrosa and 
Caitleya howrinyiana is an example. The cause of the inecpiality between the 
reciprocals may lie in the preat difference in the lenpth of the beak of the 
ovary in LarUa ivnehrosa and Caitleya hoivringiaaa and correspondinp dif- 
fereiK'cs in the lenpth of their pollen tubes. 

A Caitleya Molly is an extremely heterozygous hybrid. It includes five 
species in its ancestry, no one of which is dupli(*ated. When self- or close- 
pollinated th(^ percentape of seeds containinp embryos is low (0.0 per cent 
and 9.6 per cent respectively). Back crossinp on the species, C. labiata, does 
not increase the yield over that of wide crosses with a member of another 
penus, Laelia fenebrosa, or with interpeneric hybrids such as x Laelioeattleya 
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No. 19 altlioujrli it does increase the yield over crosses between different 
plants of X Cattleya Molly. It is interestinj? to note that the fertility of x C. 
Molly is about the same as that of C. trianaci, a species. 

The complex interjjeneric hybrids Laeliocattlvya No. 19 and No. 21 show 
more sterility than x Caitleya Molly when close pollinated or when individ¬ 
ual })lants of the respective hybrids are mated amon^ themselves. There is, 
however, a wide raiijye of fertility when used as either a pollen or a female 
parent in a Avide cross. Sin(*e there is a certain amount of back crossinjr on 
species in tlieir ancestry the individual plants of each hybrid may behave 
(piile differently. This may explain the wide ran^e of values, x Lavliocaiileya 
No. 21 shoAVS more sterility than x Lc. No. 19. The inter^^eneric liybrids be- 
tAATcn species of Brassavola and Cattleya, like those between LatUa and 
Cattleya, ha\"e considerably reduced fertility. The percentajre of seeds pos- 
sessinjr embryos Avas iu)t determined for hybrids Avhose ancestry includes 
three or four "cnera. 

It is perhaps not surprising that the orchids, Avhich have evolved such a 
hifih decree of specialization to insure cross pollination, should jiive hijrher 
])ercentases of jrood seeds A\dien matings are between clones. The cleistojia- 
moiis orchids, however, according? to Kirchner (1922) are hi^dily fertile. It is 
surjirisinjr, hoAvever, that crosses betAveeii members of different s])ecies or 
even jrenera should j>:ive better results than selfinf^’. This emphasizes the fact 
that the barriers between species and }?enera in the Cattleyeae ai*e slij^dit. 
Duriiij^ the past sixty years of breedin<»: only two groups, relatively incom¬ 
patible Avith other members of this tribe, have been found. They arc tin* reed¬ 
like section of Epidendrnm and the Mexican section of jMelia. 

SUMMARY 

The type of fruit de\Tlopnient first described in Phataoiopsis is found in 
the Cattleyeae. 

The basic trimodal jzrowth curve may be modified by the specific confor¬ 
mations of the fruit Avail and the relatiA^e ^rcmth rate of the components. 

The amount of pollen affects the ultimate size but not the proportions of 
the fruit. 

Increasiiif*’ the day len^dh contributes toAv^ard a larf»er fruit. 

Neither li^dit nor a variant amount of pollen, within reasojiable limits, 
sig’iiific^ntly affect the per(tenta8:e of seeds possessinj^ embryos. 

Three incompatibility types and probably a type of sterility caused by a 
post-fertilization failure are described. 

Compilation of the percentaires of seed possessinji’ embryos indi<'ates that 
selfingr Ioaaws the yield and wide crosses (between f*:enera or species) often 
give as good a yield as crosses within a species. Extreme hybridity points 
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out tli(‘ la(*k of well defined barriers to breedinjr between sjieeies and genera ; 
this is e()rr(‘lated with their systeinatie elassifieation. 

J)i:paktment of Botany, University of Wisconsin 
Madison, Wisitinsin 
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A MYCORRHIZOME FROM THE CARBONIFEROUS 
OF ILLINOIS^ 

Henky N. Andrews and L. Wayne Lenz 

111 a recent description of a petrified Coenopterid fern stem from the 
middle Pennsylvanian of Illinois the senior author mentioned the presence 
of abundant mycelium in the cortical cells and su^jrested that they mijiht be 
of a mycorrhizal nature (Andrews 1942). A detailed study of this associated 
funf^us leaves little doubt that that supposition was correct and the abun¬ 
dance of the fun«'us, its excejitionally fine preservation, and the diversity 
of the morpholoj^y presented renders a description desirable. 

Fossil my(*elium is not uncommon. It has been reported in (Carboniferous 
plant remains and is frequently encountered in Cretaceous and Tertiary 
lij?nite*'^. Unfortunately the hyphae rarely display significant dia^^nostic 
characters. The only records of fossil mycelium that may with little (piestion 
be considered mycorrhizal are those described by Weiss (1904) and Osborn 
(1909) from the Coal Measures of Enjrland. The funj^us described by Weiss 
was found in an unidentified root (or rhizome?) and was friven tlie name 
Mycorhizoruum. It may be well to point out that that name was usenl as a 
monomial and consequently is not valid as a generic desij>*nation. It seems 
hif?hly probable, however, that Weiss’ interpretation of the mycelium as 
mycorrhizal is correct and his contribution is of sij 2 :nificance since it shows 
that such an association existed in Carboniferous times. The organism de¬ 
scribed below fully <*<)nfirms this and adds appreciably to our knowledjic of 
the morpholop:y of the Paleozoic forms. A }>’lance at the fijyures may, more¬ 
over, eliminate any doubt that botanists may harbor about the (iualit\’ of 
preservation to be found in American coal balls. 

The m^^corrhiza reported by Osborn was found in the cortical (‘clls of 
Amyelon radicans. He observed ‘‘larfife knob-like <»rowths with thickened 
walls that are apparently terminal on the hyphae, and are about .05 mm. 
in diameter. These T take to be a form of resting body which the fungus 
forms to carry it over the period during which the cortex will be 
sloufyhed . . (p. 607). These structures nre possibly comparable to sup¬ 

posed vesicles described here in our-Illinois specimens. 

The fuiifrus occurs in the cortical cells of a fern stem, possibly a rhizome, 
described as Sclcropieris illinoie^isis (Andrews 1942). The mycelium is 
found within the host cells throughout the cortex althou 5 >h it is somewhat 
more abundant in the middle and inner ref^ions. Hyphae were also found in 

iA study aided by a g;raut from the Penrose Fund of the American Philoso]>hieal 
Society. 
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the traeheids of the stele althoiijrh they do not assume the typical myeor- 
rhizal form in these cells. 

The proper application of the term mycorrhiza may be considered at 
this point in view of the anatomical nature of the host or<ran. As stated 
above the latter is a stem consecpieiitly the word mycorrhiza is hardly appro- 
])riate. In view of the fact that the fuufius is infectinj? or livin<? symbiotically 
with a stem or rhizome tlie term mycorrhizome seems more suitable and will 
be used in our description. 

A <»:lance at the fij*:ures reveals the diversity of the hyjihal morpholojry. 
Whether or not all of this mycelium belongs to the same species of funjjus 
cannot be stated positively. However, all of the figures are taken from the 
same host s])ecimeu and all within a few millimeters of ea(‘h other. Althoufrh 
most of the mycelium seems to be intracellular, a])pearin}r typically endo- 
trophic, there is some evidence that it may be intercellular as well. Tn 
figure 6 it aj)pears as th<)Uf»h some hy])hae may be intercellular with branches 
or branching* haustoria i)enetratin}i: into the cell lumen. The dividing line 
between ecdotrophic* myc'oi’i'hizae or mycorrhizomata is probably not so sharp 
as was once supposed. In(lee<l Younjr (1940) states that ‘‘The difference 
between the two types of inycorrhizae is now known to be one of dejrree 
rather than of (jiiality. They merjre into one another and many intermediate 
forms are known.’’ 

A ('onsidei’able number of host ('clls contain a very dense aj^f^re^ration of 
mycelium (fifis. 1, 9). It was the characteristic* appearan(*e of these cells that 
first attracted our attention and su<»:<»:ested their myc'ori’hizomatal nature. 
The hyphae averajic about 1 p or less in diameter and are more or less 
uniformly distributed about the periphery of the (*ell lumen. There is some 
similarity between tliis or<»anization and the llarti^’ net of the inycorrhizae 
of livinfi’ ])lants. However, Die slender much branched liy])hae shown in these 
fijiui'es are clearly intra(*ellular thus the comparison is only a superficial 
one. In many of the host cells infected in this way the mycellium tends to 
assume a nearly spherical form (fi^*. 5). Not only does it a< 2 :<»:re^ate into 
c'ompact s])herical masses but as this continues the hy])hae seem to become 
irre}»ularly fused together, losin** their identity as individual strands. Tliis 
a])parent fusion (*ontinues until in some cells the entire mycelial body ap- 
])ears as a nearly uniform amber-colored sjihere. 

Tt is perhaps most probable tliat this has resulted from plasmolysis of 
the entire contents of the host cell, but there is the possibility that this 
transition is the result of the digestion of the fungus by the host cells, which 
thus retain a symbiotic balance between host and fungus as rejiorted in the 
Orehidaceae (Hayner 1927, p. 67). 

Many of the cortical (*ells of the host harbor but a few strands of braneh- 
inf»- mycelium. These usually .consist of rather larjre uniform hyphae bearinji* 
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Fiok. 1-5. A fossil mvcorrliizome from Illinois. Fig. 1. WCB90B-H13. Fig. 2. 
WCB90B-R34. Fig. 3. w'CB90B-S34. Fig. 4. WOB90B-S34. Fig. 5. WOB90B-813. 
All figures x 500. 
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noticeably smaller branches (%. 3). Filaments such as those shown in 
%ure 8 averag:e 6 in diameter while those in figure 4 are about 2 [x wide. 
The comparatively larjre size of some of the hyphae is clearly shown in %ures 
2 and 3, both of wdiich are maji:nif5ed 500 times, while those in fij»:ure 8 are 
maj^nified but 350 times. We have occasionally observed cross walls in these 
larjrer hyphae but they are rare and in most cases there is no evidence of 
septation. 

Some of the other distinctive fuiifral features may now be considered. 
The type of my(*elial development illustrated in %ure 6 oc(*urs in many 
cortical cells. It has been sujr^ested that these knotty outpocketinf^s of the 
hyphae may rejiresent an initial staj 2 :e in the development of the peripheral 
net of fifj^ures 1 and 9. This is probably not the case since the mycelium of 
infected cells such as those shown in fijrures 1 and 6 and always quite distinct. 
We have not observed any jdiase that mi«:ht be considered intermediate 
betweoi the two. Furthermoi*e the hyjdiae of fi^nire 6 are notably of jrreater 
diameter than the hyphae of fij^ures 1, 5, and 9. It may be that fij^ure 6 
represents a sf)ecialized haiistorial type of hyphae. 

In a few of the cortical cells (%. 4) there may be noted a number of 
larjyer bodies varying* from 15 to 33 q in diameter. Although we have not been 
able to observe the acdual point of attachnient it is probable that these bodies 
have had their origin from the swollen tip of a hyphal branch and we 
tentatively consider them to be comparable to the vesicles described in 
recent mycorrhizae. In a few of the cortical cells the larger hyphae exhibit 
a ])eciiliar warty ap])earance (fi<»s. 2, 7). It is difficult to be certain whether 
this a])j)earance is due to minute ])rotrusions of the hyphae or simply an 
aoMirejiatioii of ‘'•ramiles. »Jaiise (1897, ]). (>5) lias described a somewhat similar 
apj)earin‘»’ accumulation of starch crannies about the nuclei in Ophiodcnna. 
However in our material the ‘‘frranules'' ap])ear to exist in orj^anic connec¬ 
tion with the lar^’e hyphae and we are inclined to favor the former inter- 
])retation. 

In view of the wide diversity of the hyphal morphology (cf. fijrs. 2, 4, 6, 
9) it seems likely that more than one species of funjius is represented. 
Furthermore our assumi^tion that the association represented is actually 
mycorrhizomatal and not simply patholofiical is based on a g^eneral com¬ 
parison with liviiifi* forms. The dense tangles of mycelium shown in ti<?ures 
1 and 9 compare (*losely with many described livinj? mycorrhizae and if the 
more or less ovoid bodies shown in fijrure 4 are true vesicles this adds con¬ 
siderable weijrht to their supposed myc'orrhizomatal nature. It has been 
su^^fi’ested that the fun<»iis shown in fijrure 6 is similar to that found in some 
pines. 

Althoufih the previously mentioned works of Weiss and Osborn as well 
as the present contribution must be considered only as introductory, the 














1943] 


ANDREWS AND LENZ: M YCORRIIIZOME 


125 


evidence accumulated to date rather stroii^ily evinces the existence of this 
type of association as early as Pennsylvanian times. In view of the already 
proven important part that mycorrhizae or mycorrhizomata play in so many 
living? plants it is to be ho])ed that the fossil record may continue to reveal 
si<?nificant fragments of their ancestral develo])meiit. 

We are especially indebted to Dr. Arthur P. Kelley and l^rof. P. R. (last 
for assistance in interpretinji: the fun«i described here, aIthouj?h those 
authorities are in no wise responsible for the views that we have expressed. 
Botany Department, AVasiiinoton T^niversity 
St. Lons, Missouri 
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SOME FOSSIL FUNGI FROM MINNESOTA^ 

C. (). IlOSENDAHL 

Several years sl^o in the eourse of stiidyinj*: a collect ion of fruits, seeds, 
and other plant remains of l^leisto(*ene a^e obtained from a deep well situ¬ 
ated near the village of Bronson in southeastern Kittson County, Minnesota, 
1 discovered a number of small clusters of brown si)orangia-like bodies on 
branching thick-walled hyphae (dg. 1). The vegetable mixture in which 
they occurred had been recovered from clods of silt brought up in the slush- 
bucket in the process of drilling the well and had been freed of silt by wash¬ 
ing through a fine-meshed wire screen. Whether these clusters had been 
intimately associated with plant fragments or oc(*urred s(*attered througli 
the silt matrix was not ascertained. In no case, however, were they found 
in organic (*onnection with fragments of roots, leaves, bark, or other vegeta- 
able material. Superficially the organism resembled a mold, but the thick- 
walled, irregular hyphae and the aberrant “sporanguC^ clearly indicated 
that it did not belong in the Mm-orineae. After several unsuccessful attempts 
to get the organism identified or to obtain a clue to its ])ossibIe relationship 
it was reluctantly ])ut aside as probably indeterminable. Most likely it would 
have remained permanently shelved except for the kindly interest of Dr. (1. 
Bisby, of the Imperial Mycological Institute of Kew, who had seen a })repara- 
tion of the material, lie called my attention to a paf)er by Dr. E. J. But lei* 
(1939) entitled ^‘On the occurrence and systematic iiosition of the vesiculai*- 
arbuscular type of mycorrhizal fungi,’’ which had been juiblished a few 
weeks earlier in the Transactions of the British Mycological Society. 

In addition to his treatment of recent forms of the fungus {Ifhizojihafius) 
Dr. Butler also described and figured a representative of the grouf) obtained 
from glacial clays underlying muskegs in the neighborhood of Edmonton, 
Alberta. A comparison of the Bronson well organism wdth Dr. Butler’s 
illustrations, further supported by the descriptive details, soon convinced 
me that it belonged to the same group as the one from the Alberta bogs.^ 

The Bronson well fungus was found at a depth of 88-89 feet. The vege¬ 
table layer in which it o(*curred appears to have been a forest floor, perhajis 
of a spruce-tamarack bog, judging from the abundant remains of these trees, 
together \vfth northern bog mosses. That the site had passed through the 
successional stages from open water to bog is evidem^ed by the occurrence 

^ This investigation has been aided in i)art by a grant from the Graduate School of 
the University of Minnesota. 

2 In subsequent correHi)ondeuce with Dr. Butler ho has confinned this view after setdng 
a photograph of the Minnesota material. 
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of Humorous fruits of several s])eeies of Poiamogcion, Najas flcxiUs, Zani- 
chellia palustris, Sparganimn curycarpani and of several speeies of mat- 
formiiif** sedf*:es. Over the vefretable layer rested the boulder elay of the 
frround moraine of the last Wisconsin ice sheet, topped by 17 feet of jrlaeial 
Lake Agassiz silt. The ])lant deposit therefore dates back to at least the last 
interglacial interval. 

A year or so after the discovery of the fungus at the Bronson well site it 
was aj»‘ain found in asso(‘iation with a ])lant-bearin‘*’ stratum situated 36 feet 
deep in Lake Agassiz silt at Moorhead, Miiniesota. The ve<»:etable layer, re- 
])orted to be nearly two feet tliic-k, was encountered in the course of excavat¬ 
ing* for a sewajJte disposal plant located on the banks of the Bed Biver. The 
})resent banks of the river are considerably below the flat surface of the 
orijiinal Lake A}»assiz bottom, yet accordin«r to Professor C. A. Ballard, of 
the Moorhead State Teacdiers^ Polle<re, the silt deposit overlyinj^ the vef::e- 
table stratum showed between 18(){)-2()()() distinct varves. Ijeverettand Sarde- 
son (1932) estimate that the Biver Warren, the outlet of Lake Agassiz, sub¬ 
sided some 80(10 to 9000 years aj»*o. On the basis of this estimate it is fairly 
safe to assume that the vej»etable layer at Moorhead, buried 36 feet deep in 
the lake silt, was laid down at least 11,000 years aj*(). 

As with the Bronson well material, it was not established whether the 
fun}>us oc(‘urred only intimately associated with vej»etable debris or if it 
was also distributed throughout the (‘ontijiuous silt The latter ])ossibility 
is su^*<>‘ested by the fact that it was also recovered from lumps of the sur- 
roundinji* silt whi(‘h were ])ractically devoid of larger plant fra<?ments. Jn 
any event, it was ])resent in <ireater abundance than at the former site, but 
it o(‘(*urred in identically the same form, i.e., in small isolated clusters of 
vesicles and hy]diae (fi^*, 2). 

Durinjr the past year the same organism (fi***. 3) was recovei'ed from a 
layer of plant remains eiK'ountered at a de])th of 110 feet in a well near the 
villa^ie of Jackson in soiithwestern Minnesota. Fruits and seeds of more than 
a dozen sp(*cies of an^ios|)erms have been identified from this de])osit, sev¬ 
eral of whi(*h ai'e identical \Nith those from the Bronson and Moorhead sites. 
The well is located on the Altamont moraine of the late Wisconsin drift and 
glacial de])osit is of considerable depth at this ])lace. The ])lant-bearin^ 
stratum can therefore hardly be of later origin than the last inter^huual 
interval. 

The fungus illustrated in Dr. Butler’s text-figure 2, A-1), came from the 
basal one inch of amor])hous peat restinji* upon the blue clay. Professor 
Lewis, who submitted the specimens from the Alberta bo<>’s to Dr. P»utler, 
stated that fungus material of the same character occurs in the i)ure (*lay, 
sometimes associated with fraf»*]iients of leaves and branches of Sphagnum. 
In material of more recent peat from the same re«>‘ion Dr. Butler found a 
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closely similar fungus, but which differed from the former in having? smaller 
vesicles that showed no tendency to form second vesicles by proliferation 
into the cavity of the first. The mycelium and vesicles of this form are stated 
to resemble in all respects the (‘ommon endophyte of modern plants and in 
one instance the orf^anism was found in mycorrhizal association with a root 
obtained at a de{)th of 3 dm. from the surface. It occurred throujyhout the 
])eat down to a depth of 1.23 m. 

The conclusions Dr. Butler reached re^ardin<»' the relation of the org:an- 
isms occurring? in the two strata is best stated in his own w^ords, wiiich are 
as follow’s: ‘‘That the fuiifii in the {glacial (*lay and in the overlying more 
recent peat arc closely allied, there (.‘an be no (piestion; except for the single 
fact that the older vesicles show proliferation they mi”*ht be re^^arded as the 
same species. ’ ’ 

The spec'imens obtained from the three Pleistoc'ene sites in Minnesota are 
morphologically indistinguishable (fijrs. 1, 2, 3). The hyphae are somewhat 
tortuous, thic'k-walled and pale yellow^ in (‘olor. They vary in size but arc 
mostly 9-11 ^ in diameter. They are nonseptate, except for the rare occur¬ 
rence of a (‘ross w^all in the stalk of the vesi(*le. The branching is subdicho- 
tomous, at an obtuse an^le (fi^s. 2, 3), and there are occasional short diver¬ 
ticula and freejuent unilateral projec'tions at irrej^ular intervals. The vesicles 
vary in shape from ovate to short pear-shaped and subs])heri(*al. They ranj»:e 
in size from 75 to 103 in diameter and from 79 to r24 p in length. The 
average of a fairly lar«ie number of measurements is 89 x 97 p. Under 
medium ma^^nification of a binocular dissectinji microscope they appear 
dull brown in surface view*, but in the sharp focus of a compound micro¬ 
scope the thick Avail has a distiiu*tly lemon-yellow^ (*olor. Many of the vesicles 
wTre observed in open conniiunication with the hyphae, but a few^, appar¬ 
ently fully mature, were found o(*(‘luded by a basal plu«‘ as showui in Dr. 
Butler’s text-fij»‘ure 2-A, and in some by a septum a short distance dowui in 
the stalk. The formation of a se(‘ond vesicle w ithin tlie first by ])roliferation 
of the stalk, in the manner described by Dr. Butler, was not seen in any of 
the material, althoufrh tAvo vesicles shoAA’ed a clo.sely similar behavior. In 

Explanation of figures 1-7 

Fkjs 1-H. Kin;:(>ph(Ifflies bnflrri. Fkj. 1. (Muster of vesielcs niid hy])hue from the 
liroiiKoii well {ie))OHit, (le])tli of 88-89 feet, x 5(1. Fkj. 2. Smaller eluster from a layer of 
plant remains in Lake Agassiz silt at Moorhead, Minesota, depth of 3(i f(‘et. A portion of 
a deeaung root is shown at the right. \91. Fio. 3. S))eeimen from a well near .laekson, 
Minnesota, depth of 110 feet. The wall of the single vesicle is somewhat collapsed, x 91. 

Fkjs. 4-7. l{1n::oph(i(/i(( s mutiirsoinisis, showing several clusters of hyjihae and 
vtisicles, all obtained from an early Pleistocene dei>osit at Springfield, Minnesota. Fig. 4. 
Fungus in association with a root. > 91. Fig. 5. ahow\s two vesicles intact ))ut much 
blackened. v91. Fig. 6 . show's a clusttw of tangled hyphae and many vesicles, some of 
w'hich are partly collapsed, x 50. Fig. 7. show's two vesicles from upper left-hand corner 
of figure 0, more highly magnified, also shows more clearly the variation in thickness of 
the hyphae and their manner of branching. x91. 
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most of the older vesicles the contents become surrounded by a second wall 
which merp:es with the orij^inal wall at the neck of the stalk as shown in 
fifyures 13 and 14, or it may even extend funnel-like a short distance down 
into the stalk. In the latter case a thin septum may or may not be present in 
the stalk. This second wall ultimately becomes nearly as thick as the outer 
one, and the thickeninj? obviously begrins at the distal end of the vesicle and 
progresses towards the base (fig. 2). In a few vesicles the contents appeared 
as a spherical mass surrounded by an evenly thick second wall without any 
visible connection or contact with the outer wall (fig. 3). These differences 
in the internal appearance of the vesicles probably denote only different 
stages of their development, yet the presence of basal plugs, and of septa in 
some vesicles and not in others, shows that structural variations occur. The 
proliferation of the stalk observed by Dr. Butler is probably a more pro¬ 
nounced manifestation of the phenomenon. 

Even though it has not been possible to duplicate in any of the Minnesota 
material this proliferating ])rocess, the organism otherwise agrees so com¬ 
pletely with that from the Alberta bogs that it is fairly (*ertain the same 
species of fungus is involved. The fact that it occurred widely in similar 
habitats, i.e., in glacial clays associated with remains of other plants, and 
has not hitherto been observed in material of more re(*ent origin, indicates 
that it represents a species that flourished under the conditions of the 
Pleistocene and which })robably became extinct at the end of that period. 

While there is as yet no record of the certain occurrence of the species 
earlier than the last interglacial interval, evidence has recently come to light 
of the existence of the group at the beginning of the Pleistocene. This rests 
on the discovery two years ago of a very closely similar organism (figs. 4-7) 
ill a piece of silt-imbedded peat that came from the line of contact between 
Cretai'cous shale and Nebraskan till near the bottom of a ])reglacial gully 
on the property of the Ochs Brick Conijiany at Springfield, in Brown 
C'ounty, Minnesota. 

The hyj)hae of the fungus from this site are somewliat more irregular in 
form than the one discussed above (fig. 17), but they show the same (*har- 
acteristic branching, irregular projections, and color as the other. The 
vesicles are darker in color, less numerous, and considerably smaller (figs. 
4-6), ranging from 42 x 46 p to 58 x 61 p. They show the same type of second 
wall formation within as described above (figs. 15, 16). Both hyphae and 
vesicles look somewhat battered as compared with those from the younger 
sites, but it is surprising that any structure so fragile could have endured 
so long ill the compacted peat without complete collapse or disintegration. 
The peat in which the organism was found was made up largely of mosses of 
which the most abundant were Camptofhecium woldenii, Cnmpylium nieh 
latmUf Swartzia montana, Scorpidium scorpioides, and Drepanocladus sp. 
It also contained pieces of wood and other plant fragments. 
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In a letter to the writer Dr. Butler states that he was exhorted by Pro¬ 
fessor W. II. Lanfr not to ^ive the same fyenerie riaine to a reeent and a 
fossil fungous. Ilow^ever, not hem^ completely satisfied that the fnnijnis %- 
nred in his text-fij^ni’e 2 was a fossil, since it came from the amor])hons peat 
overlyiii}]: the jrlacial clay, he chose to assign it to a living j^eniis under the 
desijiination of Khizophagns sp. Because of the identity of the Alberta speci¬ 
mens with the Pleisto(*eue material from the Minnesota sites, and further¬ 
more the occurrence at Springfield of another s])ecies of the same jrenus from 
the early Pleistocene, there is no lonfrer any doubt about the fossil nature of 
the jrrou}). Accordinjrly, I am describinji: it as a fossil frenus under the name 
Rhizophagiies, su^<>:ested by Dr. Butler. 

Rhizophagites Ilosendahl, gen. nov. Mycelium consisting of subdi- 
chotomously bi*auched, more or less tortuous, nouseptate, thick-walled hy- 
phae, with unilateral ]>rojections, pale yellow to light brown in color and 
varying in thickness from 6.5 to 2(1.7 j.u producing terminally ovate or short 
pyriform or subspherical, yellowish browm to dark brown vesicles, varying 
in size from 42 x 46 |,i to 103 ^ 124 |j, with walls considerably thicker than 
the walls of the mature hyphae, vesicles at first in open communication with 
the hyphae, later becoming variously occluded by basal plugs or se])ta at 
the ne(‘k of the stalk or in the stalk or by a secoml wall forming around the 
contents, sometimes a second vesicle is formed within by })roliteration from 
the stalk; contents made ii]) of numerous granules, oil globules and a number 
of angular crystal-like bodies, vacuoles occasionally present. 

As here defined the genus (‘onsists of two species which may be distin¬ 
guished as follows: 

1. light brown To x 79 ^ to 103<124ji, hvi>ha(‘ ino(lcratol\ tor¬ 
tuous, mostly 9-11 ^ in (liamotor, U. hullcn, 

2. V(*sicl(*N dark )»rown 42'^ 4(5 ^ to .IS (51 hy])ha(‘ vory tortuous and 

Jrr<*gular, (5.2-20.7 in diainotor. Ji\ tturutcfnftrusts. 

Rhizophagites butleri Rosendahl, sp. nov. llyi)hae moderately tortu¬ 
ous, with numerous unilateral ])rojections and occasional diverticula, pale 
yellow in color, lip in diameter and unform in thickness except where the 
branching oc(‘urs, stalks of the vesicles about the same diameter as the rest 
of tlie hyphae, vesi('les chestnut-brown in (‘olor, oval to subspherical, varying 
in size from 75 x 79 p to 103 x 124 p, average size 89 v 98 p, walls at the base 
of matui’C vesicles and walls of the neck of the stalks much thickened. 

Rhizophagites minnesotensis Rosendahl, s]). nov. Hyphae very tortuous 
and with few unilateral projections, y'cllowish brown in color, uneven in 
thickness, var.ving from 6.2 to 20.7 p in diameter, stalks of the vesicles thin 
and mostly elongated, vesicles dark brown in (»olor, short pyriform to nearly 
spheri(‘al, varying in size from 42 x 46 p to 58 >< 61 p, average size 48 x 53 p, 
walls of mature vesicles not pen^eptibly thi(*ker at the base. 

The collections of the first species from the Albei’ta bogs and Moorhead, 
Minnesota, are of late Pleistocene origin, having apparently been deposited 
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ill the silt of }i:laeial lakes froritinjr the last iee sheet during: its recession. The 
material from the deej) wells at Bronson and Jackson dates back to the last 
jnterjrlacial interval. The collection of the second species is referable to early 
Pleisto(‘ene, beinj^* obtained from dense peat on the contact line between 
(h’eta(-eous shale and Nebraskan till at Springfield, Minnesota. 

In the same peat material from which the second species of Rhizophagites 
was obtained, well preserved fruitinjr bodies of another funjius were discov¬ 
ered. The first specimen found (xHUirred free and consisted of a tang:le of 
(lark broAvn hyphae and fifteen circular perithecua (fijr. 8). A seciond but 
smaller specimen was found attached to the ti]) of a moss plant {Hypnum 'i), 
but on account of the poor conditions of the temporary preparation it 
(‘ould not be determined whether any of the hyphae were in orgranic con¬ 
nection with the leaves and branches of the moss or were merely entangrled 
ill them. The dark brown circuilar friiitiiifz* bodies with a radiate cell struc¬ 
ture and a central pore (figts. 9, 18) sug»jrested that the orpanism belonged 
to the Microthyriaceae, and my im^lination was to regard it as probably a 
fossil species of the ^enus Microthifrinm, or in the event that the (dusters of 
tangiled hyphae belongted to the orjranism and rejiresents free mycelia, then 
it migrht more jiroperly be assijriied to Valolhgrinyn. On closer examination 
of the ])erithe(*ia, however, it was (lis(*overed that they were not dimidiate 
but coni])lete,'‘ beingr provided with a well differentiated lower (fi^^ 19) as 
well as upper wall or membrane, the latter bearin<»' a conspicuous central 
])apilla with an apical ])ore (fi<r. 18). On ac(‘ount of the pressure to which 
they had been subject(‘d under the load of jilacial till they were very miudi 
flattened and in se(*tional view a])pear like a saiK'or with the central paY>illa 
risingr slijzhtly hijrluu’ than the rim (figrs. 12, 20). Ex('ept for the absence of 
asei and the dissolution of some of the delicate periclinal walls in both the 
np]>er and lower membranes the cell structure was found to be remark¬ 
ably well preserved. Funjii with perithecia of this ty]>e have been se^rejiated 
into the fami]\ Trichothyriac'cae by Theissen (1914), and despite the fa(*t 

I juii iiuli'htcd to ;Miss Ijouiso Do.sdnll of the Division of Plant Pathology, Pnivorsity 
of Minnosota, for lu'l])ful suggestions in ]»lai'ing the fungus. 

Explanation of figures 8-12 

Figs. S— ]2. Trirhofhjfnh s plctstorannca. Fid. 8. (Muster of ])eritheeia with a tangle 
of liyj)ha(* most of whieh belong to a Ht rpoh ivlna Vikv form. (See text.) 97. Fig. 9. 
Single peritheeium more highly magnified. \ 22.“). Fig. 10. Single ])eritheeium on a moss 
leaf. lly])hae arc* shown faintly outlined on the surfaee of the leaf. ^ 205. Fig. 11. Same 
peritheeium moie highly magnified. v41.5. Fig. 12. Fross seetion of s])ruee leaf showing 
two peritheeia in vertieal seetion. The one on the left is broken open along the right hand 
margin. Fpidermal veils of s))ruee leaf shown at F and fungal hy])liae eross sc'etion at 7T. 
X 2;io. 

All the mat(*rial for i)hoto-mierogra 7 »h figures 1-11 was ])re]>ared by mounting un¬ 
stained in laetie avid and sealing the cover slips with (Marite. Figure 12 is from an unstained 
paraffin section. Wratten M ])lates and a Wratteii medium yellow filter, together with a 
disc of daylight glass, w(*re used in jihotographing. 
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that the living representatives of the family, so far as reported, occur almost 
wholly as parasites upon fungi of tropical flowering plants, the diagnostic 
characters set forth by Theissen would place the organism in this group. 
That it existed under cool or even cold conditions is clear from the fact that 
the peaty material from whi(».h it was recovered contained an abundance of 
spruce and tamarack needles, fragments of spruce wood and bark, and 
several species of mosses belonging mainly to the genera Hypnum, CaHier- 
(jon, Scorpidinm, Camptothecium, Swartzia, Diirichum, and Hylocomhim, 
Swartzia mordana, which is characteristic of cold and subalpine places was 
encountered frequently and fruits of Potamogcton and achenes of two or 
three northern species of Carex were also fairly common in the plant debris. 

Attempts were next made to connect the fungus with a possible host and 
to that end all the material was carefully re-examined. The first clue obtained 
was the discovery of patches of dark brown fungal hyphae on many of the 
spriK'e leaves. A few of these patches were removed and mounted, and it was 
found that the}" consisted of a thin weft of interlacing hyphae with denser 
knots at regularly spaced intervals. Alsr), in a few of the ])reparations the 
above mentioned circular fruiting bodies were found more or less enmeshed 
in the tangle of hyphae. Some of the spruce needles were thereujHni im¬ 
bedded in paraffin and cross sectioned, and it w'as revealed that the denser 
knots of the investing weft were situated directly above the stomata of the 
leaves, which explains their orderly arrangement in parallel rows observed in 
the free-hand preparations. These knots are composed of densely interwoven, 
crinkly hyphae and some of them attain considerable size and are nearly 
hemispherical in shape. The habit and structure suggest a s])e(‘ies of 
Ilcrpoirivhia, but in the absence of really diagnostic (‘haracters the identity 
of the organism necessarily remains in doubt. 

Sections that encountered the circular fruiting bodies showed these 
sometimes superimposed on the thin layer of investing hyphae (fig. 12) and 
occasionally over the knots, but in no case could any actual connection be 
made out between the perithecia and the underlying or contiguous liyphae. 
It is fairly certain that two different fungi are involved in the ])i(*ture, but 
what relation, if any, they bear to each other is entirely problematic*. In line 
with the rejiorted fungicole habit of the group it is conceivable that the 
trichothyriaceous organism is parasitic upon the other fungus. However, 
doubt is thrown upon this assumption from the subsequent discoveiw of the 
actual attachment of hyphae and circular perithecia of the same organism 
to the stems and leaves of mosses (fig. 10) occurring in the (Uqiosit. Both 
in surface view and in cross sections the hyphae were found to be closely 
appressed to the leaves and stems of the mosses and there can scarcely be any 
doubt about the fungus vegetating upon the moss plants, but wdiethel* as a 
parasite or as a saprophyte it is obviously impossible to say. The mycelium 
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is sparse 10), the hyphae are all uniform, and there is no indication of 
another fun‘*:us beiiifj: present on the moss as in the ease of the spruce needles. 
(Connections between the mycelium and the perithecia could not be demon¬ 
strated, althou^rh in fijiure 11 a hypha is shown still in contact with a 
perithecium. 



Fi(is. 13, 14. Vt‘si('l(‘s of Jihicophdffitt’s buUrn from tlu* Mooiliond ond Bronson Moll 
sites rcspeetivtdy. Figure 13 sli(»\vs a thick second Mall foimed around the contents and ex¬ 
tending into the neck of the stalk. Fkjs. I."), Id. Vesicles of 'Rhizophutfitvs muincsoft nsis. 
Fig. 17. llyplia of same, showing variation in size and snb-dichotonious branching. Figs. 
18, 20. Trirhoihifrilrs 'plcusiocaemca. Fig. 18. View of n|)])er wall or membrane of })eri- 
tliecium showing radiate structure and central ijapilla Mitli a definite ostiole. Fig. 19. 
Lower membrane, inconn)lete but with the central portion intact, shoMdng a very regular 
radiate arrangement of the cells around a larger circular central cell. Fig. 20. Perithecium 
sectioned vertically but the section is to one side of the middle of the papilla. Note the 
small, thick-nailed cells of the pa]>illa and the finger-like jirocess of one of the border 
cells of th(‘ ostiole. 

All figures neri' drawn nith the aid of camera lucida to a magnification of x fifiO, 
reduced to half size in reiiroduction. 

Tlie ])erithecia from the moss and tlie s])ruce needles appear completely 
identical. They are the same in color, size, and every detail of structure, even 
to the trichome-like cells (fig. 20) that fringe the opening of the papilla, and 
1 am convinced that they belong to the same species of fungus. The fa(*t that 
the organism o(‘curs on siicli widely divergent hosts as spruce leaves (or 
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another on the spruce leaves) and at least two different sp,ecies of 

mosses would indicate that it is a saprophyte, (capable of living upon a 
variety of substrata in the litter of the Pleistocene bog. So far as it has been 
possible to ascertain, no existing fungus of this group has hitherto been 
reported from cool northern bogs, and the chances are that it represents an 
extinct species. There are several published reports of the occurrence of 
this general ty))e of fungus during the Tertiary, ranging all the way from 
the Eocene to the Pliocene, and it is perhaps not without significance that 
at least three of the fossil finds were on needles of (^onifers. The first of the 
reports is by Pampaloni (1902), who described Microihyriten dysodilis from 
the Miocene of Sicily. Engelhardt and Kinkeliii (1908), in their study of the 
upper Pliocene flora of the lower valley of the Main, reported the oc(*nrrence 
on Ilex leaves of a fungus with shield«shaped perithecia and a free mycelium 
which, on the interpretation of Dr. Mobins, they referred to Asterina (?) 
ilicis Ell. They pointed out, however, that because of the abseiu'e of spores 
the identification could not be considered as entirely certain. Their text- 
figure shows a perithecuum with a slightly irregular margin and a small un¬ 
differentiated opening which suggests the absence of a true ostiole. They also 
found on Buxtis leaves, in the same deposit, fruiting bodies of an Asterina- 
like fungus but without a free mycelium. Nathorst (1915) likewise referred 
doubtfully to Antcrhia a fungus obtained from (*uticle preparations of 
leaves and twigs of Sequoia lauffsdorfii from the Tertiary of Elsmereland. 

In his ^‘Nachtrfige zur Tertiarflora Hchlesiens^^ Kniusel (1920) re¬ 
counted the finding of round, shield-shaped bodies, about 70 jj in diameter, 
in association with the leaves of Sequoia langsdorfii. On account of their 
being joined together by hyphal threads he concluded that these bodies 
belonged to a fungus, and he stated that they resembled in high degree the 
perithecia (GeJiiiusen) of the Microthyriaceae. He regarded them as being 
very closely similar to the form reported on Ilex leaves by Engelhardt and 
Kinkelin. It should be noted, however, that a perithecium illustrated by 
Krausel has a definite ostiole, an entire margin, and is composed of fewer 
but relatively larger cells than the one shown in the illustration of Engel¬ 
hardt and Kinkelin. According to Edwards (1922), Kriiusers material was 
of Miocene age. 

Two years after the publication of Krausel’s paper, Edwards (1922) 
reported the discovery of a microthyriaceous fungus from the Eocene of 
Scotland. This too was obtained from conifer needles. The material ostensibly 
was in better shape than in the collections cited above, for it was described in 
much greater detail and was definitely disposed of as Phraginothyrites 
eocaenica. Edwards’ photomicrographic illustration of a mature perithecium 
is strikingly like the figure of the fungus that Engelhardt and Kinkelin 
referred doubtfully to Asterina ilicis Ell., and the close similarity in the 
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stru(*tiire of perithelia suf»:f>:est that the two probably beloiifred in the same 
j^eiius. The assifrnment to Aaicrina ilicis Ellis was unfortunate, however, sinee 
Theissen (1913) has subsequently shown that the latter belonj?s to the 
Discomycftes. 

In all of these reports identification was apparently based only upon the 
surface view of the fruiting*’ bodies, but since it is next to impossible to 
determine from the surface aspect alone whether the perithecia (ascomata) 
are dimidiate or complete, it is not certain that they all belonjr to the 
Microthyriaceae. Kriiusers illustration of one of the circular bodies found 
in his fossil material bears a very close resemblance to the perithecia of the 
Pleistocene funj»‘us ujider dismission, and it is not inqirobable that the 
orjranisms involved are c()n{i:eneri(*. Whether or not this is the case the Min¬ 
nesota material (*an not be referred to any of the previously named fossils, 
and 1 am venturin<i‘ to describe it as a fossil <>enus beloiifjinj? to the 
Trichothyriaceae. The existinjr j^enera of the family are sejirefrated upon 
spore cliaracters, and since spores are entirely lac'kin^ in all the material 
seen it can hardly be treated otherwise than a form ‘zenus for which the name 
Trichofhyrtfcs seems the most apjiropriate. 

Trichothyrites pleistocaenica Kosendahl, <»‘en. et spee. nov. MyceliuiiP 
(‘oiisistijijz’ of yellowish or brownish, branchinjz:, septate hyphae with oc- 
(*asional anastamoses, 5“0.7 q in diameter, individual cells (20) 28-33 
(41) q lon<»‘, jieritheeia dark brown to nearly black, (*ireular or nearly so, 
disk-shaped, or because of sli<zhtly upturned marjzin shallow’ saucer-shaped, 
70-95 |.j in diameter, complete, with upper and low^er membranes composed of 
radially arranged (‘ells, u])])er membrane with a (*entral j)apilla havinjz* a 
distinct pore or ostiole, marginal cells of membrane 4-5 q wide, 6-8 q lonjz:, 
(‘ells of pa])illa more nearly (juadranjz:ular and thi(‘k w’alled, several of the 
mai*«»’inal cells of })ore prolon^zed into finjrer-like ])rocesses, (*ells of low’ei* 
membrane all thin walled and radiating from a (*ir(‘ular central cell, asci and 
sjiores lackinjr. 

Found on leaves of Hla(‘k S])ru(‘e in assoeiation w ith an unknowm fuiifius 
and on two s])ecies of hy])na(‘eous mosses, in an early Pleistocene de])osit 
at Sprin^tield, Minnesota. 

Department of Dotany, Fniversitv of ^Minnesota 
Mi.nneapolis, Minnesota 
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ASAHINA’S MICROCHEMICAL STUDIES ON THE 
CLADONIAE^ 

Alexander W. Evans 

Asahilla^s iiiicroclieiiiical studies on Cladotiia (and other critical lichen- 
ji'cnera) iiave made it ])ossible for the taxonomist to demonstrate the pres¬ 
ence of numerous lichen-acids and allied substances without recourse to the 
c()iii])licated methods employed by the orjranic chemist. The results of these 
studies are jiiven in several special articles and in two series of contributions: 
(1) Ijichrnolof/ischc Sotizvn (2, 8, 13),^ the first number of which appeared 
in and (2) Mikrochemisvher Nachv^cis der Flcchienstoifc (1, 3, 4, 5, 

(), 7, 9, 10, 12, 15), the first number of which appeared in 1936. Of the first 
series firteen numbers have been published; of the second, eleven. Of the 
s])ecial articles tin* followinji- have a direct bearing*- on North American 
Cladomac: Vvhcr dvn ('hemism us der Flechien der Cocciferae (11) ; Japan- 
ische Arieit der (Ujcciferae (13) ; Cladonia veriicillaia lloffm. vnd Cladonia 
Calffcdntlia (Del.) Npl. aus Japan (17); and (Jadmiia chJorophaea nnd 
venvaadfe Arten (18). 

Asahiiia’s work ui) to 1938 has been reviewed by Sandstede in his su])- 
plement to Vainio^s monograph on tfie Cladomae (19), but there are few 
other refei*(‘nces to it in the recent literature on lichens. It seems advisable, 
therelore, to briuji' to the attention of North American students the more 
important features of his methods and to summarize the results which he 
has already obtaiiunl. In doinjr this no attempt will be made to discuss the 
chemical structure of the various substances involved. Those interested in 
this asi)ect of the subject may con.sult Zopf’s com])rehensive study on lichen- 
substances (20) or Asahina’s recent classification of these substances from 
a chemical standpoint (14). 

In order to demonstrate the presence of a definite lichen-substance in a 
specimen Asahina’s methods A and H (1, pp. 519, 520) are applicable in 
most instances. These methods involve two ste])s or processes. In the first 
step a portion of the lichen to be tested is placed on a slide and extracted 
by means of a volatile solvent, such as acetone or chloroform, applied drop 
by drop; and care must be taken to avoid an excess of the solvent, otherwise 
the solution Avill s])read over too lar*re an area. In the case of the Vladomae 
either the ])rimary stiuamules or the podetia may be investigated. If the 

5 (Vmtiihutioii fi'oni the Osborn Botniiicnl Labortory. 

2 The numbers refer to the bn)liograj>liy at the end of this ])a])er. The only titles listed 
are those which refer, directly or indirectly, to species of Cladania known to occur in 
North America. 
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podetia are small it may be necessary to use two or more, but if they are 
lar^e a singrle podetium or even a portion of a podetium will be sufficient. 
Upon the evaporation of the solvent and the removal of the lichen-sample, 
a dry extract is left on the slide, usually in the form of a whitish or yellowish 
coatin" or crust, in w^hich as a rule little of a definite nature can be distin¬ 
guished under the microscope. 

The material is now ready for the second step. This involves the use of a 
second solvent, from which the substance or some compound of the substance 
will crystallize out in a recognizable form. A drop or two of the solvent should 
be placed on the dry extract and a cover-glass applied. Then, in order to 
facilitate the solution it is usually necessary to ap])ly a gentle heat, and 
Asahina recommends for this purpose a microfiame, either of a gas burner or 
of an alcohol lamp. If care is taken, however, a lighted match may be suffi¬ 
cient. As the preparation cools the crystals gradually make their apj)earauce. 
This may take place after a few minutes but may recpiire an houi* or more in 
the case of certain subtan(*es. The solvents used in carrying out the sec^ond 
step include the following, designated by the abbreviations which Asahina 
employs (1, p. 519; 3, p. 860; 4, p. 529):— 

G.A.W., one part each of glycerine, alcohol, and water; 

G.E., one part glycerine and three parts glacial acetic acid (Eisessig); 

G.W.Py., one ]>art glycerine, three j)ari8 water, and (Uie part i)yridine; 

G.A.Q., two parts glycerine, two ])ari8 alcohol, and one part (piinoline; 

G.A.An., two parts glycerine, two parts alcohol, and one part aniline; and 

G.A.o-T., two parts glycerine, two parts alcohol, and one part ortho-toluidine. 

These various solutions, together with the acetone and tlie chloroform, 
should be kept in small bottles, the necks of which are closed with rubber 
medicine-droppers. By this means the reagents may be applied di'op by 
drop, and the danger of adding an excess can be avoided. 

Although most of the substances to be tested for are readily soluble in 
cold acetone, a few require hot or even boiling acetone before th(‘y can be 
brought into solution. Since acetone is inflammable and boils at a relatively 
low temperature (about 56° C) the heat must be carefully applied. Asahina 
(4, p. 530) recommends for this purpose a glass tube about 10 cm. long and 
8 mm. in diameter. The lower end of this tube is gradually narrowed to a 
diameter of about 2 mm., and the narrowed portion is curved back in such a 
way that it lies jiarallel with the main tube, except at the free end, which is 
curved outward. This apparatus thus resembles, as Asahina points out, a 
miniatilre burette of the Gay Lussac type (see 4, /. The lichens or 

lichen-fragments to be extracted are pressed down into the tube, covered 
with acetone, and heated over a microflame. In doing this the tube should be 
held obliquely and care should be taken not to expel the contents by a})p]ying 
the heat too abruptly. After the acetone has boiled gently for a minute or 
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two the contents of the tube should be poured out through the narrow end 
upon a slide and allowed to evaporate to complete dryness. The extract thus 
obtained, which tends to spread out over a considerable surface, should be 
scraped together by means of a scalpel before proceeding to the second step 
in Asahina^s method of crystallization. 

The crystals of certain li(*hen-substances are large enough to be recog¬ 
nized under the low power of the microscope, but the high power is iieces- 
sary in most cases to bring out their distinctive features. There are a few 
substances, in fact, in which the crystals are so very minute that they can 
be easily ovei-looked. If the ])resence of a given substance is suspected in a 
lichen and if negative results are obtained at the first trial, a second or even 
a third extraction may be advisable before deciding that the substance is 
absent. It must be ke])t in mind also that the presence of certain substances 
may make the demonstratioJi of other substances by mierochemical methods 
difficult if not impossible. 

At the i)resent time 19 lichen-acids and related substances, which can be 
demonstrated by Asahina’s methods, have been reported in the (Uadoniac. 
These substan(‘es, which ai’e arranged below in al])habetical sequence, will 
now be considered with respect to the following data: (1) the distribution 
of the substance among the various North American species of the genus; 
(2) the reagents to be us(*(l in its demonstration; and (3) the characteristic 
features of the (*rystals obtained. In this resume many of the reactiojis 
described by Asahina are omitted and the attempt is made to emidiasize 
those of the most practical importance from the stan(l])oint of tin* taxono¬ 
mist. Additions to the list will doubtless be made in the near future. 

1. Atronorine. This substance is widely distributed among the lichens 
and has been re|>orted in tin* following s])ecies of (ladonia: (\ varspiticia 
(Pers.) Floerke. (\ cariosa (Ach.) Spreng., (\ Emnsii des Abbayes, C. fur- 
cafa (IJuds.) Schrad., (\ (jracilis (L.) AVilld. var. vJongaia (Jac'cp) Floerke, 
(\ major (Hag.) Sandst., (\ papillana (Ehrh.) lloffm., (\ raiujifvrina (L.) 
Web., (\ raiujiformis IJolfm., and (\ sipuphycarpia Floerke. Tt will be 
noticed that none of these species are red-fruited. Atronorine is negative 
with P‘^ but gives a pale lemon color with K, very different from the dee]) 
yellow produced by thainnolic acid. In species with persistent primary 
squamules the rea('tion with K shows particularly well if the reagent is 
a})plied to the chalky lower surface. 

Perha])s the best way to demonstrate atronorine microcliemically is to 
extract the lichen-sam])le with acetone and to apply the (}.A.o-T. solution 
to the dry residue. If the i)reparation, after careful heating, is examined 
under the microscoi)e slender yellow crystals are soon seen to make their 

Tlic iibbrcvijjtion “]»” stands for ])arai)bcnyli*ncdiaininc, the abl)rc\iation “K, 
for ])otassium hydroxide. 
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appearance (see Asahina, 4, p. 535, /. i.3, pi. 2, f. 6). These are in the form 
of ver}^ narrow plates with parallel sides and may present the appearance of 
needles if seen on ed<»:e. Tlie crystals, if occiirrinj** singly, are usually vari¬ 
ously curved or contorted and show more or less irrejnilar branchinjij at 
their ends. They are most characteristic, however, when they form radiatinp; 
clusters. Under these circumstances the crystals tend to branch repeatedly 
at their free ends and to «:ive rise to intricately interwoven ('lusters of thread¬ 
like elements. Another excellent method of (lemonstratinj? atronorine is by 
tr('atin^ the dry acetone extract with a saturated solution of barium hydrox¬ 
ide (3, p. 961, /. 15). After heatin**: {gently the barium salt crystalli/es out in 
tlie form of dense sj)herical clusters of delicate yellow lamellae, which look 
like fine needles if examined casually. 

2. Bakomycio A(m This acid, which was first isolated from Baconujevs 
rosdfs Pers., has been found by Asahina in a single species of CUido'nia, (\ 
stre})silis (A('h.) Vainio (9, }). 652), and is responsible for the yellow ('olor 
whi(‘h this species shows upon treatment with P. The pure acid yields (*har- 
acteristic crystals with various reagents and the same r(»sults can be obtained 
with the acetone extract of the Baeomyccs. The G.A.Q. solution, for example, 
brings about the formation of minute, very pale yellow, thin rhoiiiboidal 
plates, (X'curring singly or in irregular groups. In some cases, as shown by 
one of Asahina^s figures (9, /. 8i) the ends of the rhombi are shortly trun¬ 
cate, but the majority are regularly formed (9, pL o, /. />). The presence of 
strepsiline, unfortunately, which acc'ompanies the baeomxM'ic ai'id in C. 
sirepsilis, interferes with its crystallization, and Asahina gives no method 
by means of whicdi the strepsiline can be first separated. 

3. IUrbatic A(UD. Barbatic acid was first extractcnl in 1880 from material 
wdiich had been determined as Usiiea harhala (Tj.) Wigg., but the identity 
of this material is still in doubt. At a later date Zopf (20, \). 238) re[)orted 
the (K'currenc'e of the acid in several other lichens, including IK ccraiina 
Ach. and Alectoria ochroleuca (Ehrh.) Nyl. Asahina (3, ]). 870) has shown, 
however, that the acid present in these two species is not barbatic acid but 
diffra('tic acid, a substance first isolated from the Ja])anese U. diffrata 
Vainio. The distribution of barbatic acid, therefore, among the species of 
Vsnea and Alectoria awaits further investigation. In the genus Cladonia 
barbatic acid has been reported as a definite component of the following 
species (see 11, }>. 24) : (\ amaurocraca (Floerke) Scliaer., V. haeillaris 
(Ach.) Nyl., C. coceiferO' (L.) Willd., U. eristafella Tuck., C. didijma (Fee) 
Vainio, C. Floerkeami (Fr.) Floerke, and C. mneilenta HoflPm. It will be 
noted that all of these species, with the exception of C, amaurocraca, are 
members of the section Coccifcras. Barbatic acid, as shown by Asahina (3, 
p. 868, and 5, ]). 856), is indistinguishable from the coccelic acid of Ilesse 
and from a substance distinguished by Zopf (21, p. 55) under the name 
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cenomyeine. Both of those siihstanees were listed by Zopf under most of the 
s])eeies emimerated aboAT. 

For the demonstration of barbatie a<dd, wliiel) is not difficult, either the 
O.Pl. solution (3, ]). 868) or the (J.W.Py. solution (el, p. 856) may be applied 
to the dried aeetoiie extraet. Tf the G.E. solution is used the acid, after 
jrentle heatiii”:, will a])])ear in the form of short, refraetive, eolorless rhombie 
prisms or reetanjyular lamellae* (3, /. 27)y associated in some eases with boat¬ 
shaped prismatic structures having: pointed ends (5, pJ. 5, /. .7)- The crystals 
obtain(*d by means of the G.W.Py* solution, likewise after careful lieatin^', 
are perhaps even more satisfactory. These crystals are in tlie form of color¬ 
less, narrow, four-si(h*d lamellae (5, /. pi. 5, /. i). Tn their most typical 
condition they are obli(|ue at the ends and rhombic in outline, but tiie ends 
may be s(|uare or angled, in the latter case showing* a combination of the 
obli(iue and s(juare (‘onditions. The most characteristic crystals, however, 
are united in ])airs, and it is usual for one or both members of tlie })air to 
project beyond the line of junction. Twin crystals of this type can readily 
be found in most pre])arations and are particularly striking* if the line of 
junction is rt*lativ<‘Iy sliort and if the crystals ])r()ject in opposite directions. 

4. ItojUDiFLOiUNK. Zopf, wlio isolated beliidiflorine from the northerj] 
(ladonia hrllidiflora (A<'h.) S(‘haer. in 1907 (20, ]). 332), was unable to find 
it in any other member of the j»enus (21, p. 108). Asaliina, how(*ver, demon¬ 
strated its presence in the followin«»‘ Xorth American species, all belon^'inji* 
to the sectioji (Uwvifvvdc (11, p. 24; 14, ]). 603) : (\ dlpitaia (L.) Iloifm., 
C. deformis Ilotfm., (\ vudttxanilut Vainio, C. (janevlia (Ach.) Asahina (a 
recent se{iTe<»ate from (\ dc for mis), (\ nicrassafa,'^ (\ Ivparina Fr. (13, ]). 
604), (\ maciUiita, (\ plcvnda (Floerke) Schaer., and (\ polydactyla 
Floerke. In a fcAv of the s|)ecies beliidiflorine o(*curs only as an “accessory’’ 
substance, i.e., it is not invariably present. 

Beliidiflorine dissolves with difficulty in cold acetone but rc'adily ])asses 
into solution if the soh^ent is boiled. The method described on pajie 140 should 
therefore be emi)loyed. If the dried extract thus pre])ared is treated with 
the G.A.An. solution and ‘»ently heated (li), p. 771), the A^ery characteristic 
crystals of tlu* aniline salt are obtained. These crystals do not make their 
appearanc(‘ immediately but only aftei* a considerable time. They are in the 
form of minute, six-sided lanu*llae (10, /. DfK pi. 6, f. /), Avhich sIioav a broAvn- 
ish yelloAV or brownish ^M*een color. In most (*ases the sides of the hexagons 
are equal, but some irregularity is to be expected. 

5. Cmu’TOCHLOKOPiiAKic AC’ID. According* to our ])reseiit knowledfre this 
acid is confined to Cladonia cryptochlorophava Asahina, a recent se«rre»>ate 
from (\ chlorophaca (Floerke) S])renp:. (see 18, ]). 710). 

4 The iiuthoriticH for specific names are ffiveu only nlieii flu* species are first men¬ 
tioned. 
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The dry extract obtained by treatinjr podetia of C. cryptochlorophaea 
with acetone is abundant, somewhat opaque, and more or less tinjyed with 
yellowish or brownish in transmitted light. It consists in most cases of several 
concentric bands and shows at the periphery a series of rounded projections. 
If the 6.A.W. solution and gentle heat are applied to the extract the prepa¬ 
ration forms upon cooling the characteristic colorless crystals of crypto- 
chlorophaeic acid, which are in the form of long and exceedingly fine needles. 
When these occur singly they tend to be more or less curved, and both 
extremities become repeatedly subdivided. It is more usual, however, for the 
crystals to be arranged in dense, radiate clusters around a central point (18, 
pi. i, /. 1). Under these circumstances they remain undivided at their at¬ 
tached ends but branch repeatedly at their free ejids, the branches becoming 
finer and finer. In this way circular aggregates of ci-ystals may be formed. 
These bear a certain resemblance to the crystal-aggregates which atronorine 
forms in the G.A.o-T. solution, but the latter are distinctly yellow, their 
larger elements are in the form of narrow bands, and their finer branches 
tend to be more intricately interwoven and distorted. 

6. Didymiu acid. Asahina announced the discovery of didymic acid in 
1939 (11, p. 32) and demonstrated its presence in the following North Amer¬ 
ican species of Cladorna, all belonging to the section Vocelferao: (\ nista- 
tella, C. dulyma, C. Uporhuu and V. vulcanica Zolling. A short time later 
he added (\ ivcrassafa to the list (12, p. 467) and showed that his didymic 
acid was identical with the incrassatic acid of Zopf. The species in which 
didymic acid has so far been found are all members of the section Covciferat. 

The acid is readily soluble in acetone, and distiindive crystals are ob¬ 
tained if the dried extract is treated with the G.E. solution and gently 
heated. It is advisable to use for this purpose a sufficiently large lichen- 
sample. The crystals, which gradually appear after cooling, are colorless 
and in the form of long and narrow rhombic lamellae with oblicpie ends (12, 
/. 100). Many of the crystals, if seen on edge, present the appearance of 
needles, slightly thicker hi the middle and tapering to long points. The 
crystals occur singly, in irregular groups, or in radiate or penicillate clusters 
(12, pi. h /. I). Excellent results may be obtained also if the extract is simi¬ 
larly treated with the G.A.W. solution. The crystals resulting from this 
treatment are similar to those just described (12, 2^^- U /• but, in the 
writer’s experience, even more slender and needle-like. Radiate clusters of 
these crystals are frequent, although irregular groups and single crystals 
also occur abundantly. Asahina emphasizes the fact that the crystals may 
be curved or hook-like at the ends. He figures also abnormal KS-shaped (crys¬ 
tals with the ends variously subdivided (12, /. 101). 

7. Fumarprotocetraric acid. Zopf (20, p. 173) notes the occurrence of 
this bitter substance in several genera of the lichens, but it seems to be espe- 
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cially widely distributed in the fienns Cladonia. Even here, however, it is 
restricted to the subj»:enns (Hadina and the subsections Chasmariae and 
Clausae. It is therefore lacking in all red-fruited species and in the subsec¬ 
tion l^uciaJcs. Fumarprotocetraric acid may be rey:arded as the characteristic 
acid, 01 * as one of the characteristic acids, in the followinj? North American 
species: C. horbonica (Del.) Nyl., C. caespificia, C. calycantha Del. (16, p. 
469), (\ chlorophava, (\ clavnlifvra Vainio, (\ coniovraea (Floerke) 8pren*r., 
C. conisia (Ach.) Robbins, (\ coniutoradiaia (C'oem.) KSajidst., C. fimbriata 
(L.) Fr., C. fvrcata (Iluds.) Schrad., C, gracilis, C. major, (\ mateocyatha 
Robbins, (J. miiruhi Tuck., C. multiformis Merrill, (\ pityrca (Floerke) Fr., 
(\ pyjridafa (L.) lloffm., (\ rangifcrina, C. scobriuscula (Del.) Leij?ht., C. 
sylratica (L.) Hoffm., (\ teuuis (Floerke) Harm., and C. verticillata 
(Holfm.) Schaer. It (X'curs also, as an accessory substance, in C. cryptochloro- 
phaca, (\ (Irayi Merrill, (\ mcrochlorophaca Asahina, and C. nemoxyna 
(Ach.) Nyl. 

For tlie demonstration of fumarprotocetraric acid the nefrative I’eaction 
with K and the distinctly red color produced by F are usually sufficient. If, 
for any reason, doubt should arise Asahina’s microcheinical methods may 
be emi)loye(l. He recoinniends, iu the case of (\ furcafa, for example (9, p. 
659), the extraction by acetone diluted with 15 i)er cent of water. The mate¬ 
rial should b(‘ boiled iu tliis mixture and the dried extract should be treated 
with tlie (l.A.An. solution. After careful heating and subsequent cooling 
the aniline comj)ound will crystallize out in the form of lonj? and fine yellow 
needles, variable in length and arraiifred in radiating cluster. These as a 
rule do not form complete circles but show the needles distributed in two or 
more s(H*torial groups. 

8. duAYANK’ ACID. This acid represents the characteristic constituent of 
(\ Crayi, as now defined by Asahina (see 18, p. 713), and occurs also in 
C. horbonica (18, p. 717). When xVsahina first extracted j^rayanic acid he 
considered it identical with the chlorophaeic acid of Zopf (12, p. 468) but 
appai'cntly now rejrards the latter as an impure substance. 

If a i)odetium of (\ Grayi is treated with acetone the dried extract 
already shows definite, needle-like, colorless crystals of jrrayanic acid. At the 
peripliery of the prejiaration these usually occur in spreadin<r or radiatiiijr 
jn’oui)s, but in many cases they are free from one another and irrefrularly 
scattered (12, pi. i, /. it). In cases of doubt the ap])lication of the G.A.W. 
solution, followed by jrentle heatinjr, will brin^ about the a])pearance of 
lonji:er and exceedin^rly fine needles, forming definite radiate clusters or 
irrej>:ular jrroups (12, pi. 7, /. ,7). 

9. Homosekikaio acid. Asahina first produced this acid synthetically and 
then demonstrated its presence in Japanese material of C. pityrca (7, ]). 
249). It is apparently an accessory substance in this species, since it has 
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not yet been found in European or North American specimens. In 0. 
nemoxyna, how^ever, homosekikaic acid is the characteristic substance xires- 
ent and is identical, as Asahina soon showed, with the nemoxynic acid of 
Zopf (8, p. 251). 

In order to prove that homosekikaic acid is present Asahina’s directions 
(7, p. 250) should be carefully followed. The dried acetone extract, as he 
points out, presents a varnish-like appearance, and he directs that this 
extract should be scraped tojiether into a compact mass. To tliis a cover- 
{jflass smeared with the (l.A.o-T. solution should be directly apjilied. If the 
preparation is then studied, without heating:, under the microscope, one or 
more yellowish oily masses will soon be seen to make their appearance and 
in these the crystals of the ortho-toluidine salt will quickly be visible. These 
are in the form of exceedingfly thin hexagonal plates, which occur singly or 
in lamellate clusters (7, pi. i,f. 6). The sides of an individual plate are, in 
most cases, une(iual in length. 

10. Merochloropiiaeic acid. At the present time this acid is known only 
in C. merochlorophaea, a recent segregate from C. chlorophaea (18, p. 710). 
A sufficient amount of extract for testing can usually be obtained if a single 
podetium of C. merochlorophaea is treated with acetone, but two or more 
may be necessary if the podetia are unusually small. The extract jiresents a 
varnish-like appearance, and Asahina (18, p. 712) recommends further 
treatment with the G.E. solution, followed by gentle heating and subsecpient 
cooling. The crystals which now appear usually radiate out irregularly from 
a central area and are in the form of thin colorless lamellae, with parallel 
sides and oblique ends, the acute angles of which measure about 50°. The 
angles of course appear less if the lamellae do not lie flat, and the crystals 
may look like needles if seen on edge. 

11. Norstictic acid. This name was given by Asahina and Yanagita to 
a substance obtained from Loharia pidmonaria (L.) Iloffni. (9, p. 655). It 
has since been found in Parmelia acetabulum (Neck.) Duby, in Usnea 
japonica Vainio, and in Cladonia snheariosa Nyl. The acid is responsible for 
the deep red color which the Cladonia show^s upon the application of K. 

Norstictic acid is readily soluble in acetone, and perhaps the easiest way 
to demonstrate its presence microchemically is to treat the dried extract with 
a solution of potassium carbonate in the presence of K. Asahina recommends 
for this purpose a 10 per cent solution of K^COa ])lus a 5 per cent solution 
of KOH. The potassium salt will then appear,* especially after heating, in 
the form of short straight needles, yellowish red to red in color. These occur 
either separately or variously grouped and may form radiate clusters. An¬ 
other solution which gives excellent results is the G.A.o-T. solution. If this 
is added to the dry extract pale yellow crystals will appear, especially after 
heating, in the form of exceedingly thin, four angled lamellae (9, /. 90)^ 
occurring singly or in irregular groups. 
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12. Pkhij^tolio ac'ID. This substance, first extracted by Asabiiui and 
Fujikawa from Parmdia ceirariokles Del. var. typica DR. (6, p. 40), has 
recentJ,y been demonstrated also in two North American species of Vladoiiia, 
('. EraNsii and C. mpvxa Harm. (15, p. 186, 189). The acid can be readily 
detected by treating' the dry a(*etone extract with the G.A.Q. solution, fob 
lowed by ji^eiitle heatinj?. Upon coolinj? the characteristic crystals will ap])ear, 
in some cases only after several hours, in the form of dense radiatiiifi: clusters 
of colorless, exceediiif^ly fine straijrht needles (15, /. S). As a rule only one 
or a very few such clusters are present in a single jireparation. 

13. PsOROMK^ acid. Althoujih widely distributed among* lichens in general 
(20, p. 198) psoromi(‘ acid has been reported from very few species of 
(Uadonia. At the present time, in fact, C. aJpicola (Flot.) Vainio and C. 
alpcsfris (L.) Rabenh. f. aberrauH des Abbayes are the only North American 
forms that can be definit(‘ly cited from the literature (21, [). 87; 2, p. 804; 
9, p. 656; 15, p. 190). 

Lichens containing i)sor<)mic acid are negative or nearly so with K but 
give a deep yellow color with P. Extraction with acetone tak(‘s place readily, 
and if the dried residue is treated with the G.E. solution and gently heated 
the psoromic acid will crystallize out u])on cooling in the form of penicillate 
or radiate clusters of fine colorless needles (9, /. 5:3). As Asahina points out 
these clusters may be large enough to be visible with the naked eye. 

14. Sqvamatk’ AdD. This substance is a])])arently restricted to the G/a- 
(loniae. It was first extracted from (\ squanio.sa (Sco]).) Hoffm. but is now 
known also in the following additional North American species (21, ]). 106; 
11, p. 24) : (\ heUidiflora, (\ c(i(’spiiicia, C. ernofea (Ach.) Schaei*., (\ cr/.s*- 
pafa (Ach.) Flot., C. deJicafa (Ehrh.) Floerke, (\ gJauca Floerke, C. 
gonccha, (\ incraasafa, C. .sfr( psili.s. It may be noted that sojiie of these 
species are red-fruited and others brown-fruited. 

Since squaiiiatic acid is only slightly soluble in cold acetone but more 
readily so in hot acetone, Asahina’s burette-like tube is advisable for its 
extraction. If the residue thus obtained is treated with the G.p]. solution and 
gently heated, the acid will crystallize out upon cooling in the form of 
minute, colorless, rhombic plates or truncated, rhombic, double pyramids 
(6, /. 5H). Ill many cases small groups of crystals coalesce in various ways 
and thus form irregular coinjiouud crystals. The red-fruited species listed 
above contain usiiic acid as well as squamatic acid, and Asahina recommends 
in such cases the use of the G.A.An. solution. In this solution the aniline salt 
of squamatic acid appears in the form of colorless rhombic prisms (10, /. 99). 

15. Stictio acid. The extraction of stictic acid from Loharia pulmonaria 
{Siicta pulmonaria Ach.) was made nearly a hundred years ago (20,}). 204), 
and the substance has since been found in the genera Parmelin, Ramalina, 
and Sicreocaulon (7, p. 655). Although there are no reports in the literature 
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of its occurrence in the f?enus Cladonia, Asahina (in a recent letter) notes 
its presence in one of the North American species. It is accompanied by 
norstictic acid, and he has already pointed out that these two acids are not 
infrequently produced by the same species (7, p. 655). Since Asahina has 
not yet published his observations on the Clndonia in question no further 
details can be gfiven here. 

The demonstration of stictic acid follows a familiar pattern. The lichen- 
sample is first extracted with acetone, and the residue left after evaporation 
is treated with the G.A.o-T. solution and carefully heated. Upon cooling? 
characteristic crystals make their appearance. They are in the form of ex- 
ceedingrly thin, hexaj>:onal lamellae, the sides of which in most cases are equal 
(7, /. 89). Accordinjr to Asahina the crystals are yellow, but the color may 
be so pale that they appear colorless. The crystals occur sinjily or in indefi¬ 
nite overlappinjr groups, and the surface shows a series of irrefrular lines or 
other markings. 

16. Strepsiline. This substance, accordinji: to our present knowledge, is 
confined to C. strepsilus. When the squaimiles or jmletia of this s])ecies are 
treated with chloride of lime a more or less distinct ^reen or bluish jireen 
color is produced, and students of the jrenus have ref::arded this color as a 
proof that strepsiline was present. Asahina^s microchemical methods, how¬ 
ever, f*ive more trustworthy results, since the color-reaction is not always 
clear. He directs (12, p. 469) that the specimen to be tested should be 
extracted with acetone and that the residue obtained after dryinj? should 
be treated with the G.E. solution and carefully heated. Upon cooliufr the 
crystals of the strepsiline jrradually make their appearance. These crystals 
are colorless and minute and in some cases very scantily produced. They are 
therefore easily overlooked and it may be necessary to make two or more 
extractions before a succevssful demonstration is obtained. The crystals (20, 
f. 58; 12, pi. 1, f. 6) are in the form of rhombic plates, which may, if suffi¬ 
ciently thick, show a pale brownish tint. The acute aujjrles of the rhombic 
faces measure 68°, and the surface is usually marked with a series of fine 
parallel lines. The crystals occur siiig:ly or unite to form compound ciwstals 
of various forms. The most characteristic of these appear split at one or both 
ends, with the free portions diverj^injir from each other. 

17. Tiiamnolic acid. This acid derives its names from Thamnolia vermic- 
ularis (Sw.) Ach., in which it was first found. It is now known to occur 
also in several other lichen-jreiiera and in tlie following North American 
species of Cladonia (9, p. 651; 10, p. 768; 11, p. 24) : C. delicafa, C. digitata, 
C, endoxantha, C. macilenta, C, polydactyla, C. Ravenelii Tuck., C. mninma 
Tuck. (C. persquamulosa Merrill), and C. suhsqvamosa Nyl. The red-fruited 
species in this list belonjr to the subsection Subglauccsce^itcs; the brown- 
fruited, to the subsection Chaamariae. Several other species, not yet recorded 
in the literature, will probably be added to the list in the near future. 
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The i)reseii(*e of thaniiiolie acid is shown by the bri*rht yellow color pro¬ 
duced by K, tofyether with the deep orange or red color produced by P. To 
demonsti'ate the acid mierocheniically extraction with hot acetone is advis¬ 
able, since cold acetone is almost inactive as a solvent. For further treatment 
the (Jr.A.An. solution (9, p. 651) is especially to be recommended. This should 
be added drop by drop to the dry residue and careful heat applied. The 
])reparation will then assume a deep yellow color, accompanied by the pro¬ 
duction of bubbles of CK) 2 , and characteristic crystals will make their appear¬ 
ance upon cooling. These are in the form of fine yellow needles, grouped 
together in dense radiate or fasciculate clusters (9, pi. .7, /. /). 

18. Fsnic acid. As the name im])lies usnic acid was first demonstrated in 
the genus Usuca. Now, however, it is recognized as one of the most widely 
distributed of the lichen-acids, and Zopf (20, p. 102) notes its occurrence 
in nine distinct families. In the genus Vladonia the acid represents the char¬ 
acteristic substance or one of the characteristic substances in the following 
North American species (21, p. 106; 11, p. 24) : (\ aipcstris, C. imjjcjra, (\ 
wiiis Sandst., (\ sffirafica, and (\ tcHids, re])resenting the subgenus Cladina; 
(\ IxHuliflora, (\ coccifcra, (\ cnstatvlla, C. deforniis, (\ (jonevha, C. in- 
crdssnta, C. Ivjxn iiHt, and (\ phxtroia, rej)resenting the subsection Stramineo- 
jiaridat of the s(*(*tion Covciferae; (\ amaurovraea, (\ Bonji Tuck., C. coro- 
liniatut. (Schuein.) Tuck., and (\ Htidalis (L.) AVeb., representing the 
subsection Ihici(drs; (\ foliavea (Huds.) Willd.'‘ and (\ cpdiiiprs (Sommerf.) 
Vainio, representing the grou])s Fohosac and Oclindrurae, respectively, of 
the subsection (Icntsar. It (X'curs also, as an accessory substance, in C. bacil- 
Ians and (\ FUnrkcana, re[)i'esentatives of the subsection Balxjlaucesccntcs 
of the section Ford ferae (13, ]). 603). It will be seen that the foregoing list 
includes no re])resentatives of the large sub.sectioii Vhasmariae or of the large 
groups Podifstehdes and Thallastelides of the subsection Chiusae. 

Lichens containing usnic a(‘id tend to show a more or less marked yellow¬ 
ish tinge, although this is by no means invariably the case. They are negative 
with both K and P (unless certain other acids are present also), but turn 
distinctly yellow with chloride of lime, esi)ecially in the presence of K. The 
extraction of the acid for microchemical study can be made with either 
acetone or (*hloroform, but the latter is perhaps preferable because it leaves 
certain other lichen-substances undissolved. The extract obtained from either 
solvent is pale yellow and crystalline in ap])earance. Further treatment, 
however, is necessary in order to produce satisfactory crystals of the acid 
and for this purpose the G.E. solution yields excellent results (3, p. 863). 
After careful heating and subsequent cooling these crystals gradually make 
their appearance and can readily be seen under the low power. They are in 

The oceiirrcnce of the true C. foliarra in North America is open to (luestion, but a 
closely allied species is not infrequent. 
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the form of yellow needles or narrow lamellae with parallel sides, the ends 
of whieh are obliquely cut off or taper to lonj? points. The crystals occur 
siufrly, in indefinite jiTOups, or in loose radiatinji: clusters (3, /. 17). 

19. Zeorine. Zeorine was first extracted from some species of Zeora, which 
is rejrarded at the present time as a synonym of Lecanora. It is now known 
also in various other f^enera of the Lecanoraceae, in two grenera of the Physci- 
aceae (20, p. 53), and in two red-fruited s])ecies of CUidonia, C. deformis 
and C. plenrofa. If a ]>odetium of one of these species is extracted with 
acetone, a residue is left which yields characteristic crystals upon further 
treatme])t with the (l.A.An. solution (10, p. 770). As in other cases heat 
should be carefully applied to the j)reparation, which should then be allowed 
to cool. The crystals (10, /. are minute, colorless, and hiji:hly refractive. 
The most typical are in the form of truncated, hexagronal, double pyramids. 
If such a crystal is viewed from above it shows a rejiular hexagonal outline, 
and a second hexagon can be distinguished at a higher level by careful 
focusing. Other crystals are in the form of complete, broad or narrow, 
hexagonhl pyramids, and the latter not infreciueiitly show a broader equa¬ 
torial band. In some cases the sharply angled crystals are aecom])anied by 
irregular crystals in whieh the angles are rounded or otherwise indistinct. 

Mierocliemical methods for the detection of certain lichen-substances 
found in the Cladoniae have not yet been described and may not be ai)pli- 
cable. These include the following; cervicornic acid, found in the brown 
apothecia of certain forms of C. vertieillata (21, p. 84) ; destrictic acid, 
found in the apothecia and spermagonia of the European C. dcafricia Nyl, 
(20, p. 331); fimbriatic acid, found in (\ fimhriata and C. major (20, j). 
107); rangiforiuic acid, found in C. mifis (19, p. 91) and C. rangiformin 
(21, p. 106); and rhodoclonic acid, found in the apothecia of the red-fruited 
species (21, p. 55). 

Asahina's microchemical investigations afford a new method of attack 
for the taxonomist by enabling him to determine many chemical features 
of lichens with comparative ease. They do not settle, however, the contro¬ 
versy regarding the significance of chemical differences from a taxonomic 
standpoint. Some writers regard such differences, if constant, as important 
as morphological differences; others assign them a secondary value and 
accept them only when supported by morphological differences; still others 
consider them of no taxonomic significance whatever. Which of tiiese views 
will ultiniately prevail must be left for the future to decide. 

Yale University 

New Haven, Connecticut 
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OBSERVATIONS ON THE CULTURE OF HEMITRICHIA 
VESPARIUM, WITH SPECIAL REFERENCE 
TO ITS BLACK PLASMODIAL COLOR 

Ruth N. NaUkSs 

The distingiiishinj? characters and habits of individual species of Myxo- 
rnycetes during: the entire ve^^etative period have rarely been i*ej)oi’te(l in 
the literature. This is due principally to the fact that most of them vej^etate 
within their substrata (Lister 1925), making*: it difficult to obtain their i)las- 
modia for observation and study. 

Hemitrichia vesparium (Batsch) Macbr. is such a species. It vegetates 
unseen within its substratum, where it also sclerotizes, and comes to tin* sur¬ 
face only to fruit. Although this species is commonly collected in the fruiting 
staj^:e, there is no record in the literature to indicate that its true plasjnodinm 
has previously been recojjnized in the field. 

The outstandinjj: characteristic feature of the ])lasmodium is its stable, 
definitely black color. This color, unusual for slime-mold jdasmodia, tojicther 
with certain other constant features, makes specific identification possible 
before fruitinj^’ occurs. While taxonomic characters have not hitherto been 
reported for the vejietative staj^e of any species, it is believed, in view of the 
studies and observations made on this j)articular species, that they may be 
found to be rather widespread. 

This report is based on observations made on forty-odd plasmodia of IT. 
vesparium which were isolated and cultured durinji' the past six years. These 
plasmodia and most of their subcultures fruited, bearing sporangia typical 
of the species. The sporan 5 >:ia were verified as to species by Mr. Robei’t Ha<i:el- 
stein. Honorary Chirator of Myxomycetes at the New York Botanical (lardeii, 
who examined typical specimens of the sporanpa submitted to him. 

LITERATURE 

The reports thus far published on H. vesparium, with one exception, are 
based on spore sowinf>'s made in the laboratory. They show that four-year-old 
spores have been found to be viable (Gilbert 1929); that the plasmodium is 
parasitic on fungus mycelia (Howard and Currie 1932); that the ])las- 
modium requires no lif?ht in order to fruit (Gray 1938) ; and that the swarm- 
cells thrive well in pine wood decoction and can withstand temperatures as 
low at 2° C without encysting immediately (Smart 1938 a, b). Only two 
investigators have reported on the color of the plasmodium: Gray 1938, 
Carr 1939. 
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MATERIALS AND METHODS 

The plasmodia of this speeies were obtained mostly by eulturin*? decayinpr 
wood and leaves. Colleetions of sueh material were made in New York State 
(iiudndin^^ Lonj»: Island, Gardiner’s Island, and Staten Island), New Jersey, 
Pennsylvania, and southern Vermont. The plasmodium was isolated from 
material eolleeted in all of these regions. Several plasmodia were j>:rown from 
laboratory-develo])ed fi*uitin<^ bodies, the s])ores of whieh were sowm on blot¬ 
ting paper whieh had previously been used as substratum. Numerous sub- 
eultures were also j^rown, some of them with other sjiecdes in order to observe 
eommunal behavior. All of* the plasmodia were eiiltured on white blotting: 
paper, whieh was obtained in larjre desk-size sheets, watermarked in squares. 
The sheets were then eut to the desired size and shape as needed. Tap water 
was used as the souree of moisture. 

The method employed for isolatinjr the plasmodia from their original 
substrata was to plaee a suitably sized disk of blottinjr paper, eut in halves, 
in a petri dish and moisten it with water. A seleeted ])ieee of wood or leaves, 
reeently eolleeted and still moist, if possible, was then laid on the pa])er, and 
tlie eulture ke])t saturated by subseijuent additions of water as required. As 
soon as the plasmodium had left its orijrinal substratum, the latter was re¬ 
moved. Plasmodia thus isolated were jriven nutrient every few days, and 
were eultured and subeultured both in petri dishes and in jars. 

When plasmodia were <iTown in jars, the method used was an adaptation 
of that em])loyed by Gamp (1936) in eulturinj? Physarum pohfcephalnm. 
Small <»lass-eovered jars were preferred, whieh measured 3J inelies hip:h and 
2:] inches in diameter. For startinjr these eultures, a ])ortion of blottinjj: paper 
eoutaininjx the plasmodium was transferred from a petri dish eulture to a 
jar that had been lined around the inside wall with two-ineh s(|uares of blot- 
tin»’ paper and filled to a depth of about one inch with water. Sueh eultures 
])roviiled the iilasmodium with a continuous, ])artially submerged circuit or 
jiathway around whieh it mi»ht travel jirojrressively without inhibition, and 
also insured a constant supply of moisture. 

Nutrient consisted of pulverized rolled oats (either the “Quick” or 
rejrular kinds), tropical tish food, and wheat jrerm. These were sifted on the 
(‘ultures tlirouj^h a fine mesh sieve, in front of the plasmodial “fans.” Fish 
food was used mostly for youiijr plasmodia and for plasmodia whieh had 
be(H)me somewhat slujij^ish. It was also found to be ^ood in prepariiijr fresh 
blottinj»* ])aper substrata. Gsually, plasmodia would not creep onto a fresh 
piece of blotting j)aper sprinkled with oats until the second or third day, by 
whieh time the oats had become somewhat jrelatinous. When fish food was 
used instead of oats, this time was jrenerally reduced to a few hours. Oats, 
however, was decidedly the ])referred nutrient, and was invested readily 
later on as particulate food, after the plasmodium had become established 
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on a fresh piece of paper. Although no such definite reaction was noted ip 
connection with wheat germ, it was continued in use in community cultures, 
along with oats, since plasrnodia of some species thrive on it. 

No effort w^as made to keep the cultures sterile, because it was felt that 
more natural results could be obtained if conditions approximated more 
closely those existing in nature. A given piece of blotting paper was therefore 
continued in use as substratum as long as it remained sufficiently firm, even 
though mold, bacteria, and other organisms w^re abundant in the culture. 
The surface was cleaned every week or ten days either by peeling off %vith 
tweezers the top layer of the paper or by flushing the culture with a siphoned 
stream of water, care being taken to avoid injuring the plasmodium. 

CHARACTERS AND HABITS OF PLASMODII^M 

The plasmodium is of medium size as compared wdth those of about fifty 
other species also grown in culture by the author. It is neither as large as 
Physamm polycephalum nor as small as several others cultured. This applies 
to the size of the largest veins as well as to the aggregate amount of proto¬ 
plasm in a plasmodium which has attained its maximum growth. 

As cultured, this species shows an ever (‘hanging ‘4au’^ j)attern that is 
common among slime-molds, but the posterior veins are often looi)ed (fig. 1). 
When young, it is frequently seen in a twin-fan pattern (fig. 2). The two 
fans are usually of e(jual size and are also connected ])osteriorly by looped 
plasmodial veins. This pattern ma.v persist for as long as two days, when the 
fans may merge, or separate entirely. All of the twin-fan patterns observed 
were remarkably alike in form and size, and they were seen often enough to 
suggest the term ‘‘recurring pattern.^’ 

The plasmodial veins of this species vary greatly in diameter, although 
during the first few WTeks they are usually of about ecpial size. Ty})ical large 
veins consist of a main black-colored channel, flanked on either side by a 
thin, hyaline pseudopodial “ruffle^' with darkened areas (fig. II). These 
ruffles are alw^ays present throughout the life of the j)lasmodium, except 
when it is very young or very old. In a young plasmodium and in the smallest 
veins of an older one, the ruffles may be expressed merely as nodes or buds 
scattered along either side; in old plasrnodia—^those about ready to fruit— 
the ruffles have been withdrawn. The protoplasm is characterized by the 
presence of conspicuous, round, white transparent vacuoles, which are visible 
under a hand lens. They travel along with the protoplasm, which streams in 
one direction for about 50 seconds and then reverses its flow for about 45 
seconds. The plasmodium, as a whole, advances at the rate of about an inch 
in three hours. These rates are about average for the slime-molds in general. 

The black color of the plasmodium is derived from numerous black pig¬ 
mented granules. These flow back and forth with the streaming protoplasm. 



Fig, J. ])lasm()<liinn, shouuijj a iioiinal variation in loopiiij; of ]» 08 torior 

voins. - Fi<^. 2. Kin-uiTing pattovn. 'k Ftg. H. Typical veins of a vegetating 

IilaMiiodiuni, slioiving eliaraeteristie ])seinlo]>(Klial ruffles, a 30. Fig. 4. Plasinodial veins 
elimiping to fruit. X 33. 
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being mucli more abundant in the main ehannels than in the hyaline pseudo- 
podial ruffles. In these ruffles they are sparse at first, but wherever a number 
of them become temporarily lodged that area appears black (fig. 3). As 
the plasmodium ages, the granules seem to increase steadily in numbers 
throughout the entire plasmodium. As a result, there is a progressive deepen¬ 
ing of the color during the vegetative stage. In this connection, Seifriz and 
Zetzmarm (1935) reported that the deepening of the yelhnv color in the 
plasmodium of Physarum polycephalnm is of the nature of a pH indicator, 
although they did not mention that the change in color was caused by the 
presence of pigmented granules. 

In the field, the plasmodium is not found in x>lRces which would suggest 
that it requires an abundance of moisture; yet in culture it requires more 
than do plasmodia of those species most commonly grown in the laboratory, 
especially large ones such as Phyaarum polycephalnm and Fuligo scptica. 
This is particularly noticeable when the substratum begins to dry out. The 
two species just mentioned generally remain on the surface, while H. ves- 
parinm creeps into the substance of the jiaper and remains there until more 
moisture is provided. An exception to this habit occurs when the black ])las- 
modium is nearing the fruiting stage, at which time it likewise remains on 
the surface. This abundance of moisture is evidently reciuired to protect the 
hyaline pseudopodial ruffles against drying out, for the (*entral vein channels 
were usually not covered by a film of water as were the ruffles. Keeping the 
cultures very wet also enabled the plasmodium to make more ra|)id growth. 
This species was never observed to creep up the-bare sides of glass culture 
dishes as do the large yellow’ plasmodia of other si)ecies. 

The vegetative stage of II. vesparinm generally lasted from four to tw'elvc 
months, seven being about the average. Plasmodia which wwe subcultured 
several times tended to take longer to fruit than did those not subcultured. 
One plasmodium grown from spores and not subcultured fruited in tw’o 
months. Even this short period, how^ever, w^as much longer than that recorded 
by Seifriz and Russell (1936) for Physarum polycephalnm^ wdiich had a 
sixteen-day cycle in the cultures observed. Although no such specific ])eri- 
odicity was observed in II. vesparinm, fructifi(*ation was more certain to 
occur in this species than in any of the other species cultured. 

Besides feeding on prepared nutrients, the ])lasmodium was also observed 
to ingest living organisms such as protozoa. Several times, wdien the i)las- 
modium had crept off a small square of blotting paper in a i)etri dish into a 
thin film ‘of surrounding w’ater, various kinds of microscopic organisms 
swarmed and darted about the unusually long hyaline-tipped pscudopods 
that had just been elongated. After a few’ minutes a number of the organisms 
were engulfed by a quick outflow’ of more hyaloplasm. Several minutes later, 
black granular protoplasm w’as seen to stream out and carry the already 
disintegrating organisms deeper into the plasmodium. 
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Fraj»:iiientati()n was fwiuontly obsoiwocl in youn< 4 ’ ])IasiiK)(lia dui'inji’ the 
first two months; after tliat, it seldom oecMirred. The plasmodial l‘raj»*meiits 
nundiered anywliere from two to in a ^iven e nit are at one time. In 

about a week tliey j^radnally eoales(*ed into a single plasmodhim, if i)ermitted 
to, and then in another week or so frajymentation mi»lit recur. 

Ill (‘ommunity cultures, the jiiasmodium was never observed to iiarm or 
interfere w^ith a ])lasmodium of any other sjiecies with which it was asso¬ 
ciated. A small white plasmodium, however, was found to parasitize it (II. 
vesparium), com])l(‘tely (‘onsumin^* it. Over a three-year jieriod, this para¬ 
sitic plasmodium has been ke])t in the active vejietatin^’ state only by feed¬ 
ing- it the plasmodium of 11. rc.vpar/a/a, althouj»b many other nutrients were 
also tried. When it lias no black plasmodium, it sclerotizes. Since ])ara- 
sitism amon»»‘ Myxoniycetes themselves seems to be an unrc(‘orded phenome¬ 
non, it s(*enis better to prejiare a separate illustrated r(*]iort on the results 
ol)tain(‘d from ciilturinji* tlu'se two plasmodia tojiether. 

GKOW'TIl OF PIjASMODirM AND SPOUAXGIAL FOKMATION 

Duriu”- tin* jilasmodial sta^e of 11. resparinm, four jieriods of growth 
wen^ obsmwed : (]) when the jilasmodium is very youno- (scattered nodes 
alon^* e(|ual-sized V(*ins) ; (2) when older and making* the most ^miw’th ])ro^‘- 
r(*ss (main chaniK'ls bla<*k, boi’dered by liyaliiu* jiseiidopodial ruffle's; veins 
varying* in size) ; (;]) when about mature (emtirt' ])lasmodium, includin<»‘ ruf¬ 
fle's, jet blac'k; ruffle's apjmar somewhat frin^c'-like) ; (4) when ready to fruit 
(I’ufile's entirely abse'iit anel main channels sAvollen and e*lumped). Althoujih 
tile* a])p(*aranee eif the veins is neit nee'essarily unitbrm threiujihout a ^iven 
lilasiiiexliuni at any eine time, the characteristics of one of the tour ^rowtli- 
pe'rieiels e'nunu'rate'd always ajijie'ar to juvelominate. 

As the' plasmoelium appreiaches the fruitinji' sta^e, the're is a sharp ele'- 
ere*ase in the ameiuni of moisture and nutrient reepiireel. Only a moist sub- 
stratum nee'd now' be maintaineel insteael eif a saturate'el one', and little if any 
nutrient is ne*e'ele'el. Any nutrient that is inaeiverte'iitly sifte'd directly upon 
a jet blae'k plasnmdium often cause's that ])ortion te) turn red, sue*h chan<»e 
of coloi* dene)tin<>’ de'ath in this species. 

The ameiunt of moisture ])resent in a culture while tlie ])seuele)poelial ruf- 
tl('s are disappearin<r se'emis to be the principal determinant of how’ soon 
afteiwvards the sporanjiia be'jiin to rise. Excessive' moisture tends to retard 
fructifie'ation and may eve*n cause all or iiart of the plasmodium to die. Too 
little moisture inhibits its movement, anel if the plasmodium is wdthin the 
substratum at this time, it lie's more or less dormant. Then when moisture 
is adde'd, it has been observed to well u]) to the surface of its substratum, 
in shiny black masses, e'acli a potential cluste'r eif sporangia. At such time's, 
no hypothallus is seen, it liein^de'ft behind within the substratum. 
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During the prefruitiiig period, the plasmodiuin may be either reticulate 
or in a solid layer. When in a layer, it resembles a thin sheet of shiny black 
wax in appearance. The veins of a reticulate plasmodium are greatly swollen 
at this time (fig. 4), and the protojilasmic streaming is very sluggisli, as can 
be detected in the opa(|ue veins only by means of the large transparent vacu¬ 
oles. (Uose to a rising sjmrangial cluster, the streaming is in one direction 
only—toward and up into the sporangia, with no reversal flow taking j)la(*e. 

Sporangia recpiire about four hours to com])lete develoyiment from the 
time they begin to rise from the clumped veins. The fruiting process gen¬ 
erally (K'curs between midnight and morning, when no light is present. 
Although Gray (1938) did not mention this nocturnal habit for his plas- 
modia of this species, he did state that they re(|uired no light in order to 
fruit. 

Fructification was never observed to occur as a result of injury to the 
plasmodium, lack of food, dehydration, or exposure to bright light. The i)las- 
modia fruited, it seemed, only after a certain degree of maturity or aging 
had been attained, (^amp (1937) reported that Pln/saniNi polycephulum 
could be induced to fruit at any time simjdy by withholding food from it. 
Such treatment of H. rcspariiim resulted only in a perc(‘])tible de(*rease in 
the size of its idasmodium. Seifriz and Ivussell (1936) stated that nutrition 
and toxic substances alone seemed to have a ])ossible influence on the fruiting 
of P. polycephalum. They re[>orted further that ^‘the growth rhythm is be¬ 
lieved to be a definite i)roto])lasmic (piality, which re(piii*es certain as yet 
unknown conditions in order to express itself.’’ 

Subcultures made from a ])arent plasmodium that Avas j(*1 black and 
nearly ready to fruit, usually bore fruit about the same time as did the 
parent plasmodium, Seifriz and Kussell (1936) also repoi*t(‘d this fruiting 
habit for P. polyvvphnlum. 

All of the fruiting bodies which developed in culture were either one of 
the two colors reported by Gilbert (1927) for this specnes, namely, metallic 
bluish-black, or brick-red. The brick-red color ])redomiuate(l. Whether tin* 
amount of moisture in a culture had any relation to the color of sporangia 
produced Avas not determined, but at times this seemed ])robabl(‘. 

FORMATION OF SCLEROTIA 

The factors reported in the literature as causiiig Myxomycetes to sclero- 
tize ai*e: lack of food, dehydration, and cold. The last two were the only oiu*s 
observed to cause the ]dasmodium of II, vcsparium to sclerotize. laick of 
food, as has just been mentioned, only resulted iu a decrease iu the size of 
the plasmodium. 

In most instances, sclerotia of this species formed as a result of dehydra¬ 
tion. TTnlike many larger siiecies, which sclerotize in a heaped mass on the 
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Fk;. A scliMotizcd plnMimdniiii ludwooii ld()t1inj»: \)i\\)Vy and j^lass. » Vui. 0. 
MiddU* section of ti^iire o enlai'Kod. ' Joi). Fio. 7. Portion of a cultnn* that has fruited, 
showinjf dorsal vien of spoian^ial chistins and the led rt‘sidiie left in fonm‘r vein tracks 
when th<‘ ])lasim)dinm fruited. ^ .’h Fin. S. Typical s])oran^ia. > ild. 
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surface of their substratum when dehydration occurs, H. vesparhim sclero- 
tizes witliin its substratum (or beneath it) in rows of black bead-like cysts 
(figs. 5 and 6). This formation results from the breaking up of the plasmodial 
veins In situ. 

The cysts are generally round or ovoid in shape when fresh, and range 
in size from 10 to 40 pi. If formed within blotting paper, a large sclerotium 
resembles a light-colored blot of ink when viewed from either side without 
a lens, the individual cysts not being visible. A small sclerotium can some¬ 
times be located only by holding the paper up to the light. When the scle¬ 
rotium forms beneath the blotting j>aper, next to the glass, the rows of cysts 
show up plainly under low magnification. Young cysts that were formed as 
a result of dehydration required only a day or two to excyst after being 
moistened, while one-year-old cysts required from 48 to 60 hours. 

Exposure to cold caused the plasmodium to sclerotize even wlien it was 
covered with water. When subjected suddenly to a temperature of 40° F., 
the plasmodium sclerotized in about 12 hours. This change occurred so 
quickly that the original jiatteru of the plasmodium was retained and a low 
magnification was required to show that encystment had taken j^lace. Some 
of the cysts became a transparent red in color and could not be revived, but 
those that remained black usually could be reactivated into normal ])lasm()(lia 
within a day or so. 

Plasmodia that developed from reactivated scderotial (‘ysts were always 
black and bore typical sfiorangia (fig. 8). 

PLASMODIAL COLOR 

Although black was the only (*olor observed either in the field or in the 
laboratory for If. vesparium, this color does not seem to be mentioned in the 
literature for this syieides or for any othei* vegetating Myxomycete, and 
inquiry among students of these organisms reveal<‘d no one who had jirevi- 
ously seen a black plasmodium. In a few instances taxonomists have listed 
some shade of black as the plasmodial color of a few species, ])ut such color 
references apparently are not meant to apply to the vegetative stage—as is 
generally interpreted—but to the prefruiting stage (that which immediately 
precedes fructification). Macbride (1922, p. 286) states that the colors listed 
in The North American Slime-Moulds refer to the prefruiting stage unless 
otherwise stated. Hagelstein makes a similar statement regarding colors of 
vegetating plasmodia, in a personal communication (1938). Since Macbride 
lists the color of If. vesparinm as deep red (1. c., p. 262) and does not specify 
the stage to whi(*h it belongs, he, and others who also list some shade of red 
for the plasmodial color of this species, must therefore mean the color red to 
refer to the yirefruiting stage, and not to the vegetative stage as was (con¬ 
cluded by Gray (1938) and ('larr (1939). 
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Gray reported that his plasmodia of this species, which he obtained by 
sowiiifr spores on (*orn a^ar, were pearly white, lie stated, however, that they 
did not j»Tow ]arj>:e, that fruitinj^ was sporadic, and that in no ease was an 
entire plasmodium utilized in sporanjrial formation. A few of the black plas¬ 
modia that J have jirown from s])ores on blottinj»- paper and not transferred or 
subcultiired had a tendency to be somewhat erratic in their fruiting habit 
in that the plasmodial fragmeiits sometimes remained separate and fruited 
at different times. In ea(‘h instance observed, however, all of the i)rotop]asm 
in a given plasmodial unit was utilized when fructification occurred. 
This was generally true, also, of plasmodia obtained from material in the 
field, which, like those grown from spores, sometimes formed five-incli fans 
when given suffi(*ien1 space and fed carefully. 

It may be pointed out, in connection with Gray’s reporting a different 
color for the veg<*tative stage of this s])ecies, that according to the literature 
the use of ])repared media in culturing s])ores of Myxomycetes has not 
])roved to be a very reliable source from Avhich to determine colors of vege¬ 
tating slime-mold })lasmodia. Pinoy (P108) reported that lie obtained yellow 
plasmodia as well as blackish-purple ones when he sowed spores of Didymnim 
nlyripcs on flaxseed gelatin. Gray (1988) and Kambly (1939) obtained yel¬ 
low and white })lasm()dia, resjiectively, by sowing spores of Fultyo sepfica on 
corn agar. On tlu* other hand, ])lasniodia of II, resparivtn, according to my 
obser\ations, Avere always black, Avhether observed in tlie fi(‘ld, isolated from 
natural substrata on blotting jiajicr, or grown from spores on blotting jiaper. 

Still another color has been reported for this species. Carr (1939), after 
observing a single jilasmodium on wood ('ultured in a moist chamber for four 
months and then finding fruiting bodies of II, rcspariuni on the wood, con¬ 
cluded that the yellow plasmodium had borne the sporangia of this species. 
The evidejice is inconclusive. Many times the author has also had sporangia 
of this s])ecies develoj) on ilecaying wood cultui'ed in a moist chamber, when 
the only A’isible plasmodium Avas a yclloAv one. But Avlnm such ])ieces of Avood 
Avere cultured Avith a aucav to isolating all Myxonn cete plasmodia present iii 
the wood, as many as four or five other j)lasmodia, all differently colored, 
Avere fretiuently obtained ; that of //. resparnim (ahvays black) Avas often one 
of them and the only one that produced typical fruitings of this species 
when groAVii in isolated cultures. It is therefore doubtful that //. vesparimn 
ever has a yelloAV plasmodium. 

Regarding the red (‘olor listed by Macbride and other taxonomists as the 
prefruiting color of II. resparium^ this color Avas not observed in any of the 
black plasmodia preceding nor during their fruiting period. Sometimes, 
AAdien vicAved by reflected light, the plasmodium had a faint red tinge shortly 
before fruiting time. This Avas thought to be due to tln^ presejice of extrane¬ 
ous material that Avas beginning to be cast off, for as the jet black ])rotoplasm 
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flows into the newly forming? fruiting: bodies, it leaves a red residue behind 
in the vein tracks (fig:. 7, arrow). When fresh, this red residue so closely 
resembles living: plasmodium in consistency that microscopical examination 
under good light was necessary in order to determine its true nature. Because 
of this close resemblance, it is wondered whether the appearan(*e of this red 
residue at fruiting time might account for the statements of Macbride and 
others that the prefruiting color was red. It would undoubtedly show up 
more (dearly than would black on dark, decaying vegetation. It might even 
account for Gray^s obsiu’ving (1938) that his pearly white plasinodia of this 
species turned red at fruiting time but that this color (diange did not occur 
until after sporangial delimitation had begun. To determine this point, 
further observation seems necessary. 

Although color as a taxonomic character of vt^getating slime mold plas- 
modia has not yet been re(‘Ognized, it may not be without significance in 
helpijig to determine spc^cies of MyxomyceMs before fruiting occuirs. The 
consistency with which H. vesparium has maintained its color over smdi a 
long period of time affords evidence in this direction. Kambly (1939) believes 
that it is necessary to know the factors influencing color before it (‘an be 
acee])ted as a taxonomic character. When color has been found to be constant 
for a given species, however, it seems logmal to recognize its taxonomic value 
without waiting to determine what (»auses it. 

31 PONDFIELD liOAD WeST 
Bronxvillk, New York 


SUMMARY 

1. The plasmodium of II, vesparlum (*an be identified specifically before 
fruiting o(‘curs ajid is easily cultured to maturity. It is charactejdzed by a 
definite black color. 

2. Fragmentation (x'curs frequently during the e^arly life of the ])las- 
m odium. 

3. The plasmodium lias a recurring twin-fan pattern. Posterior veins are 
often looped. 

4. Sclerotia are formed within the substratum in rows of bead-like (‘ysts. 

5. The plasimjdium is completely ])arasitiz(^d in culture by the plas¬ 
modium of another Myxomycide (s])ecies as yet undetermined). 
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MACROSPOROGENESIS, FERTILIZATION, AND EARLY 
EMBRYOLOGY OF TARAXACUM KOK-SAGHYZ^ 

H. E. Warmke 

With the introduction of seed of the Russian Dandelion, Taraxacum kok- 
saghyz Rod., into this country early in 1942, and with plans for its extensive 
cultivation as a domestic source of rubber, it became important to know 
something? more of the cytology and breeding: behavior of this species. 

The common dandelion, Taraxacum officinale, and other species have long 
been known to rei)roduce by apomixis (Raunkiaer 1903; Murbeck 1904; «Tuel 
1904, 1905; Sears 1917, 1922). In these forms there is a failure of the first 
meiotic division, and the second division gives rise to a dyad of macrospores 
with unreduced nuclei, rather than the usual tetrad with reduced chromo¬ 
some number (Osawa 1913; Rosenberg 1927, 1930). One of the unreduced 
cells degenerates (usually the micropylar one), and the other undergoes 
mitotic divisions to form an eight-nucleate, but <liploid, embryo sac. The 
unreduced egg cell begins to divide, without the stimulation of fertilization, 
to form a completely vegetative embryo and seed. 

With apomixis known to oc<*ur in tlie genus, it was important to ascertain 
whether the material with wliic'h we were working was also apomictic, or 
whether it w^as sexual, before entering into selection and breeding experi¬ 
ments. The Russian w’orkers, Poddiibnaja-Arnoldi and Diano^va (1934), in 
a study of several members of the genus, reported T. kok-saghyz to be a 
diploid wdth chromosome numbers of a ==8; 2a -16. They further reported 
that this species is sexually reproducing and highly self-sterile. Our results 
confirm and extend the findings of these workers. 

MATERIALS AND METHODS 

Seeds were received on May 16, 1942, from Dr. E. W. Braudes under the 
label, Taraxacum kok^saghyz, ])lant quarantine number 143960. These were 
a portion of the seeds which reached this country from Russia by air express. 
They a))parently were from unselected field-growm plants, for in addition to 
showing extreme variation in size, vigor, and leaf shajie, they also contained 
contaminations of the common dandelion. 

Root tyjs wTre yirepared according to the section-smear technique 
(Warmke 1941). Buds and flow'ers wrere fixed in Rollin Carnoy, sectioned at 
10-20 microns according to the stage, and stained with the Feulgen reaction 
for fertilization and iron hematoxylin for other stages. 

1 Cooperative project with Dr. E. W. Braudes, PathoJogist in Charge, Eubber I^nut 
Investigations, U. S. Department of Agriculture. 

1«4 
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(CHROMOSOME NUMBER 

Koot tips were taken from i)laiits growinj? in four-inch pots in the green¬ 
house ; chromosoine counts showed the dii)loid number to be 16 (fig. 1, a and 
b). No variation from this number has been observed. The chromosomes are 
of medium size, ranging from approximately 2 to 4 microns in length in the 
roots, and fix and stain w(‘ll. One pair of chromosomes bears prominent satel¬ 
lites (fig. 1, b). 



Fkj. 1. Pliotoiiiicrogvnplis of somatic chromosomes from root ti])s of Tunuacinn • 
mf/hj/z. The diploid chromosoim* iiumher is If). Note one ])air of chromosomes with satcl- 
lites*(fig. Ih). > J400. 

Tlie haploid eliromosome eoinjilement was studied at first meiotic meta- 
phase in maerospore mother ('ells (fig. 4) and in ])ollen mother cells (fig. 6). 
In all cas(^s the reduci^d ('hromosome numlxn* was lound to be 8. 

DEVELOI'MIONT OF THE MACnUXiAMETOPIlYTE 

The ovule is solitary and anatropoiis. The macros])ore mother cell arises 
from a hy])odermal (tell and may be distinguished i‘arly by its gi^ater size 
and more intense staining reaction (fig. 2). Surrounding the macros])ore 
mother cell is a single layer of micellar cidls, which is soon overgrown and 
surrounded, except for the micropyle, by a single integument. The macro¬ 
spore mother cell increases furtlnu* in size (fig. 8) and then undergoes the 
first meiotic division (fig. 4). Tiie chromosomes ai'e arranged in a regular 
maniuT as bivalents on the imdaphase plate, with no indication of univalents 
or laggards. 

At the end of Ml a cell wall is laid down (fig. 5) to form the usual dyad. 
The second meiotic division follows quickly, and cell walls are laid down to 
form a linear tetrad of macrospores (figs. 7, 8). The chalazal imu'rospore 
tends to be larger than the others (fig. 8) and usually b(X'oiiu‘s functional. 
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Pigs. 2-1 (>. Meioais and ina('r()Kaim*t()j)Iiyte foiination in T. -.s*g //////:-. Fig. 2. 

^ ovule showing inacros|)orc inothcn* cell b(*fore overgrowth of the integument. ^ .’)40, 
Fio. 3. Older macrosj)ore mother cell. / 540. Fig. 4. First meiotie nieta]>h:iae; eight bi¬ 
valent chromoaornea are present, x 540. Fig. 5. Tjate telo])haae of first meiotie division 
with dyad of cells being formed. 540. Fig. 0 . Ml in ]K)llen motlier cell showing 8 chro¬ 
mosomes. X 840. Fig. 7. Late telo])ha8e of .second meiotie division, x 540. Fig. 8 . Linear 
tetrad of inaca-osjiores. x 540. Fig. 9. Middle two spores of tetrad tend to degenerate 
early, x 540. Fig. 10 . A rare case, where micropylar macrosporc is functional, x 540. 
Fig. 11. The more usual condition, where the chalazal macros])ore becomes functional, and 
the others degenerate, x 540. Figs. 12-14. 2-, 4-, and 8-nucleate stages in the develop¬ 
ment of the macrogametophyte. x 270. Fig. 15. Young 7-celled macrogametopyte. Note 
union of the polar nuclei and beginning of degeneration of antijxidals. 270. Fig. 10. 
Mature macrogametophyte. x270. 
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while the three other iiiaerospores (le«:enerate (fi^\ 11). There is a strong 
teiuleuey in many of the ovules, however, for the middle two eells to de- 
f>:eiierate (juiekly and for both the mieropylar ami ehalazal ones to j)ersist 
and enlarge 9). One of these eventually grains the aseendeney and the 
other defrencrates, for twin embryo saes have not been observed. The basal 
(*ell usually becomes funetional, but fijrure 10 shows a ease where the niiero- 
])ylar cell seems to have become the functional nuK'rospore. 

This ])ro(‘ess appears to be an orderly ajid ('om])lete meiotic division and 
to have resulted in the formation of four reduced macrospores. It is cpiite 
distinct fi*om the abortive })rocess in the common apomictic sj)ecies, in which 
two unredu(*ed ma(*rosj)ores are formed as the end-result of meiosis. 

Before the non-functional spores have comi)letely degenerated, the first 
mitotic, division in the formation of the macro^ametophyte occnirs (fijr. 12). 
The second and third divisions follow in rai)id succession, forming' four- 
nucleate (hfr. 13) and eifiht-nncleate (fijr. 14) macroj^ametophytes. Duriiijr 
thes(* free nuclear divisions the macro‘*ametoj)hyte increases in size, lar^'ely 
by th(‘ process of va(*nolation. it is also evident that as the number of nuclei 
imu'eases, the individual nuclei decrease in size (fijis. 12-14). 

The two most (*entrally hx-ated iiuchM ai)proach each other in the usual 
manner to bec'ome the ])olar nm'lei (6^^ lo). Note in figure 15 that tliese two 
nuclei, thoim'h in conta(*t, are still sei)arated by the nuclear immibranes. Cell 
walls are laid do^^n and soon transform the macro<»ametoi)hyte into the 
ty])i('al se\'(‘n-celled strmdiire, consisting' of two syner^ids, an cell, a 
lar<i*t» and vacniolate primary endospei*m cell, and three antipodals. These 
latter become jiycnotic and start to <le<»eiierate even before the ])olar nuclei 
lune i'om])letely fused 15). The macro^ametophyte enlarges jzreatly 

until it !*t‘a('hes its mature size 16), which represiMits the (‘ondition at 
flower inji'. 

FERTILIZATION 

F<‘rtilization begins about 30 minutes after ])ollination at 70® F. umh^r 
jireenhonse conditions. This may be conpiared with 15 minutes reiiortinl for 
this s|>ecies under sli^ditly ditfereut conditions by Foddubnaja-Aruoldi and 
Dianowa (1034). Our fixations at 10, 15, 20, and 25 minutes failed to show 
evidence of fertilization. 

Thirty minuti's after pollination many ovules are seen in which })ollen 
tubes have penetrated the embryo sac (ajijiarently throujih a synerjrid) and 
have wedded in between the e^'ji' and primary endosperm cells, separating:*' 
tiiese striudures 17). AVhether this is actually the tij) of the pollen tube, 
or some material extruded from the tube, is not clear. This material is uni¬ 
form in consistency and aj)])ears to be somewhat more dimse than the cyto- 
])lasm of the surroundinji' embryo sac. It has a characteristic sickle shape and 
bears near its base a sinjile .small lUK'leus which stains darkly. It is not cer- 




Figs. 17~3^. Fertilizjitioii and embryo formation in 2\ Icok-saghys. Fig. 1 7. 'M) min- 
iitps after pollination: pollen tube with two male nuclei near its tip within the embryo 
sac. X 380. Fig. 18. 30 minutes after pollination: male nuclei in contact with nuclear 
membranes of egg and endosperm cells, x 380. Fig. 19. 45 minutes after pollination: 
male nuclei within egg and endosperm nuclei, x 380. Fig. 20. 2 hours after pollirfation: 
the intensely staining male nuclei have disappeared and are replaced by small extra 
nucleoli within egg and endosperm nuclei. x380. Figs. 21, 22. 45 minutes and 2 hours, 
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tain whether this is the tube nueleus or the iiuelcus of the synerjricl whieh was 
penetrated by the pollen tube, althoufyh the latter seems more likely, since 
this pycnotic nucleus always lies approximately opy)osite the undisturbed 
syner{>:id nucleus (fij^s. 18, 19, 20, 21). 

With the Feulj^eii reaction, the larjre and endosperm nuclei take a 
very li^ht stain, in (*outrast to the sperm nuclei, which stain very intensely. 
When first seeji, the male nuclei appear to lie wdthin the pollen-tube material 
(%. 17) but soon come to lie out of this and in contact with the e^f*' and 
endosperm nuclei (fij»‘. 18). 

Forty-five minutes after pollination the two male nuclei are seen inside 
the e^j^ and endosperm nuclei; they have increased in size, and have become 
more diffuse 19). In favorable ])re])arations male nuclei at this stajiC 
are seen to be made up of expandin<»: and uncoiling* chromonemata. At two 
hours, nuclear fusion is com])lete (fi^. 20). The intensely staininji* chromatin 
of the male nuclei is no lon<rer in evidence; in its place two small nucleoli 
have appeared, one eaeh in the e^**: and endosperm nuclei. The pollen-tube 
material is still present, as well as the cavity separatinj^' ejiji* and endos])erm 
cells. 

As noted by tin* Hussian workers, su])ernumerary male Jiuclei are not 
uncommon. Figures 21 and 22 show tw’o such cases. In the first of these a 
total of 8 male nuclei is present in one embryo sac; wdiile the sec'oud must 
have 10: 8 densely staining ones ami tw’o already united wdth the and 
endosperm nuclei, as indi(‘ated by the pr<*sence of tw'o nucleoli in (‘ach of 
these nu(*lei. Fijiure 22 is a two-hour stajxe, and the double nucleoli almost 
certainly indi(*at<‘ previous nmdear fusion, just as they do in figure 20. 

The su])ernumerary sjxTin nuclei usually do not function, as is indicated 
by tlieir presem^e as separate', com])act bodies lyinj^’ in the pollen-tube ma¬ 
terial or aeljacent cavity even after the e^**’ and endosperm have be^un 
mitotic divisions. Figure' 21, however, seems ex(‘e])ti()nal; hej‘e two nuclei lie 
in the tube, three in the adjai'cnt cavity, one a^zainst the e^»- nucleus, and 
two against the primary endos])erm nucleus. The s])erm nuclei in contact 
wdth the eji'j*’ and the endosperm nuclei are becomiu*>’ diffuse. This su^‘<»ests 

iTspoctively, after ])()lliiiat i(m: siipermiiiierarv m.ale nuelei aie ueeasionally found 
the embryo sae. x 3S(). Flo. 23. 0 hours after jmllination : the endosperm nueleus is uiider- 
jroin^ its first division. >380. Fig. 24. 7 hours after pollination: the endosperm is 
2-nu(deate, and the zvfifote is underjjo!!!^ the first division, x 380. Fig. 23. 9-hour stage: 
the ])roembrvo is 2 (adled, aud the endosp(‘rm is 4 nucleate. • 380. Pig. 2(». Metaphase 
plate from dividing emlnyo cell showing diploid number of chromosomes, 2n = 1(5. 1400. 

Fig. 27. Tiate ]>rophas(' from dividing endosperm showing triploid number of chromosomes, 
3w == 24. X 1400. Fig. 28. Froemluyo 4-celled, and endosperm 10-nucleate. <380. Fig. 29. 
7-celled proembryo. x 380. Pig. 30. 11 celled proembryo, x 380. Fig. 31. 24 hours after 
pollination: jiroembryo is made up of 28-30 cells. > 380. Fig. 32. 40 44 hours: young 
spherical embryo with short suspensor. v 83. Fig. 33. ,3r)-()0 hours; the embryo has 
assumed mature form, with cotyledons, epieotyl, hy])Ocotyl, and root tip. x 23. 
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that these two male nuclei, instead of one as expected, may be uniting with 
the endosperm. There is some further evidence that functional polyspermy 
may occur in connection with the endosperm, in the fact that four or five 
separate nucleoli may occasionally be obsei'ved in a single endosperm nu¬ 
cleus. Since a maximum of one nucleolus is characteristic of each haploid 
chromosome complement, the presence of four or five nucleoli in endosperm 
cells may be indicative of extra sets of chromosomes, although no more than 
the triploid number of chromosomes has ever a(*tually been counted in divid¬ 
ing endosperm. 


DEVELOPMENT OF TTIE EMBRYO AND ENDOSPERM 

At approximately 6 hours after pollination, under our conditions, the 
first division of the eiKlos])erm occurs (fig. 23). This is usually followed about 
an hour later by the division of the zygote (fig. 24). At 9 hours after polli¬ 
nation the proembryo is 2-celled and the endosperm 4-nucleate (fig. 25). 
Chromosome counts from dividing cells show the embryo to be diploid (fig. 
26) and the endosperm to be triploid (fig. 27). 

The further develofunent of the embryo follows the aster type,’^ charac¬ 
teristic of the composites. The ‘‘basal celT’ (according to the terminology of 
Soueges) undergoes a transverse division ; while the “apical celT^ divides iji 
a longitudinal plane. This is illustrated in the 4-celled stage (fig. 28). Here 
the basal cell has divided to form two daughter cells, om^ above the other; 
while the apical cell has divided so that one daughter cell lies behind the 
other. 

The second division of the apical cell is also longitudinal, but at right 
angles to the plane of the first, as shown by the orientation of the division 
figures in figure 28. The uppermost half of the original basal cell also divides 
longitudinally, thus producing a 7-celIed proembryo (fig. 29). 

The proembryo undergoes ra])id division to reach the 11-cel led stage 
shown in figure 30. There are 7 derivatives of the original apical cell and 4 
derivatives of the original basal cell. At 24 houj's the proembryo has a total 
of 28-30 cells (fig. 31), 

At 40-44 lioiirs the embryo pro])er has formed a flat ball of several liun- 
dred cells, with a short suspensor consisting of 8-12 cells (fig. 32). At about 
60 hours the embryo has attained mature appearance with well developed 
cotyledons, epicotyl, liypocotyl, and root tij) (fig. 33). 

, BREEDING BEHAVIOR 

The first flowers were observed August 16 on gree]ihouse-gi*own plants; 
this was exactly three months after sowing the seed. Plants have continued 
to come into flower throughout the fall and winter, with approximately one- 
third having flowered by January 1,1943. During the summer and early fall 
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none of the i)laiits tJuit flowered set any seed, unless they were iriechanieally 
eross-pollinated by rubbin^r tojrether heads from different plants. After siieh 
(‘ross-imllination abundant seed was set, which ripened in about 10 days. The 
greenhouses were sereened ajrainst insects; so tliis behavior indicates a hifrh 
decree of self-sterilily. Everi when plants were mechanically self-pollinated 
by riibbintr two flowers from the same plant together, seeds failed to set. 
Plants of the common a})omictic species of dandelion, of course, set seed 
abundantly without any sort of ])()lIination under identical conditions. 

November and December, liowever, many T. kok-saghifz plants 
bej^^an to set seed without cross-pollination. Some of these heads bore only 
1 or 2 s(*e(ls while others bore a full set of oO-To seeds. It would appear that 
this is an ^'ejid-season fertility,’' induced })ossibly by temperature, li^dit, or 
a^<* of the plant. It has iiot yet been ])ossible, however, to show definitely that 
this delayed fertility is due to selfinjz: and not to a])omixis; but it seems highly 
imf)robable that the latter could be the case. 

DISCUSSION 

dn’ornosome numb(*rs of a-8 and 2//-1(1 place T. kok-saghgz, alon^ 
with six or eijrht other species, as basic diploids in the ‘zenus. The jrreat ma¬ 
jority of the j^eiius, howev<‘r, is polyjiloid. Species with sporophyti<* chromo- 
souu* numbers of 24, 82, and 40, represent in triploid, tetrajdoid, and jienta- 
ploid rorins, resjieet ively, an* known. It is of interest that the diploid speeies, 
includinji' kok-sin/hgi, are sexually reproducin<»*, while the polyploids are 
apomictic. This (dose correlation between ])oiyj)loidy and apomixis has lon<»* 
bemi not(*d but is not yet thorou<»hly umhu’stood. As ])ointed out by Stebbins 
(1041) hybridization and polyjiloidy may be factoi*s in brinjzinji’ tojrether 
('omplementary ^eiu’s for apomixis and in the ])roduction of vigorous sterile 
or |)artially st(*rile types in wJiich a|)omixis Avould have a very hi^h selective 
value*. 

The i*eiu’odu('tive ])ro(*(^ss in T. kttl-saghgi is completely normal and 
sexual. On the female side, where sexual r(*])rodu(*tion brt'aks down in ai) 0 - 
mi(*tic species, two iv^ular meiotic divisions occur to ])roduce a lineal* tetrad 
of reduced ina('ros})ores. There (‘an be no doubt about the occurrence of 
fertilization: all stajzvs, f)*om the entrance of the ]M>llen tube to c()m])h*te 
union of the male nuclei with e^^«' and (uidosperm, have been observed. Mon*- 
ov(U*, wh(*n pollination and Fertilization do not occur, there is no development 
of embryo or endos])erm. Final proof of the reality of the reduction divisions 
and of fertilization is afforded by actual chromosome counts, in which the 
develoiiin^ embryo has been shown to be dijiloid (Ki chromosomes) and the 
d(*V(‘lopin^^ endosperm triploid (24 chromosomes). Presumably the embryo 
would be diploid and the endosperm tetraploid if this s])eeies were apomictic. 

These (*ouditions, includinjz* aiipde heterozygosity, low chromosome num- 
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her, uoriual sexual reproclnetion, and a hip:h degree of self-sterility, are 
extremely favorable from the standpoint of breeding and selection experi¬ 
ments. With satisfactory methods of assaying the rubber content of indi¬ 
vidual plants, the breeding of these plants and the selection of strains with 
improved cultural and rubber-producing qualities should be routine for the 
experienced plant breeder. 

SUMMARY 

1. The chromosome number in Taraxacum kok-sagliyz is ?i = 8;*2'a-16, 
placing this species among the basic diploids of the genus. 

2. Macrogametophyte formation follows the usual sexual pattern: The 
macrospore mother cell undergoes two regular meiotic divisions tt) form a 
linear series of four redm^ed macrospores, the chalazal one of which usually 
becomes functional. As the result of three successive mitotic divisions fol¬ 
lowed by union of the two polar nuclei and cell wall formation, the classic 
7-celled macrogametophyte is formed. 

3. Thirty minutes after pollination, pollen-tubes are seen to enter the 
macrogametophyte. Fertilization follows the normal pattern: one male nu¬ 
cleus uniting with the egg and the other uniting with the primary endosperm 
nucleus. Supernumerary male nuclei are fre(iuently observed in the embryo 
sac but usually are not functional. 

4. The first divisioii in the endosperm occurs about 6 hours after polli¬ 
nation, and the first division of the egg follows about one hour later. 

5. Embryonic development follows the aster tvpcs characteristii* of the 
compositae. 

6. Chromosome counts verify the reality of the sexual processes by show¬ 
ing the developing embryo to be diploid, with 16 chromosomes, and the endo¬ 
sperm to be triploid, with 24 chromosomes. 

7. During the summer 7\ kok-saghyz is highly self-sterile but cross- 
fertile. In the late fall and winter it may exhibit consid(‘rable end-season 
self-fertility. 

Department op Genetics, (Urnegie Institution op Washington 

Cold Spring Harbor, New York 

Literature Cited 

Juel, H. O, 1904. Die Tetradenteilungen in der Haiuenanlnge von Taraxacum. Ark. Bot. 

2: J-9. 

- 1905 . Die Tetradenteilung bei Taraxacum iind andcren Cliiehoriecn. 

Svensk. Vet.-Akad. TIandl. 39: 1~21. 

Murbeck, Sv. 1904. Parthenogenese bei den Gattungen Taraxacum und liieracium. Bot. 

Not. 1904: 285-296. 

OBawa, J. 1913. Studies on the cytology of some species of Taraxacum. Arch. Zetlforsch. 

10: 450-469. 





WAKMKE: TARAXACUM 


173 


PoddubnaJa-Arnold!, V. & Dianowa, V. 1934. Kiiie zytocMuhryoloj^isc'lit* IJiitersuehung 
cinigor Artc^ii der Gjittiiiig Taraxacum, rinuta 23; 19~4(). 

Baunkiaer, C. J903. Kinidjumolae iiden TU'frugtning hos Maelkeb0ttc (Taraxacum). 
Bdt. Tidssk. 25: 109-139. 

Rosenberg, O. 1927. Die* acmihotorotypisdio Teiliiiig imd iln*e Bcdeutuiig fiir die* Ent* 
stoliiing vordopixdter Chronioaonieiizaliloii. Ilereditas 8: 305-338. 

—-. 1930. Aj)()gaiirK‘ uiid Partlitii()g(‘ii(*ais lK*i IMlanzon. Tlaiidl). Vorerb. 11. 

1 - 00 . 

Sears, P. B. 1917. Ainiot'u' partlu'HogeiiOHis in Taraxacum tuhjarr (Lain.) Sclirk. and 
Taraxacum lacvtpafum (Willd.) l)e. Ohio .lour. Sfi. 17: 97-100. 

-—-. 1922. VariatiouH in cytology and gross morphology of Taraxacum. 1. 

(Cytology of Taraxacum laciu t/af urn. Lot. Gaz. 73: 308 325. 

Stebbins, G. L. 1941. A]»oniixis in the AngioH]>crnis. Bed. Rev. 7: 507-542. 

Warmke, H. E. 1941. A section smear method foi plant cytology. Stain Tech. 16: 9-12. 



B IT I. L E T 1 N OF THE T O K R E Y BOTANICAL CLUB 


VoL. 70, No. 2, p. 174 


March, 104;i 


TWO NEW SPECIES OF HYPERICUM FROM COLOMBIA 

H. A. (iLEASON AND J. 11. PlERCE 

Til recent CiiatrecHsas (*ollectioiis from northeastern Colombia the fol¬ 
lowing** two new species of Hifpericnm were found. Tliey belonj*: to tlie 
section Hrathya, subsection Euhrathys, which has been previously treated 
by (ileason.^ 

Hypericum garciae Pierce sp. nov. Frutex ram is vir<»atis vel erectis 
iiiferne denudatis; folia rigida laxe imbricata, an^iiste laiu'eolata, 6-7 mm. 
lon<»a, 1.3 mm. lata, punctata, margine intejrerrimo revoluto, nervo medio 
subtus ])rominenti, nervis lateralibus niillis; flores solitarii ad apices 
ramulorum; sepala ovato-lanceolata, 5.8-6.2 mm. lon^a, 1.5-1.8 irim. lata; 
])etala oblicjue obovata, apiculata, 10 mm. longa; ovarium ovatum, unilocu- 
lare, 3-4 mm. longum, septis nullis, placentis 3 ])arietalibus; styli 3, 5.5-5.8 
mm. longi. 

Type, Cuatrecasas & (Uivcia Barriya 9935, collecded on the Paramo del 
Almorzadero, Dept, of Santander, in the (^>rdillera Oriental ol* (V)lombia, 
and deposited in the Britton Herbarium of Ihe New York Botanical Carden. 
This species resembles closely H. vhamaemyrins Tr. & PI. but differs in liav- 
ing smaller, more strictly ascending leaves, solitary flowers, smaller jietals, 
fewer stamens, shorter styles, and a larger ovary. 

Hypericum cuatrecasii Gleason sp. nov. Frutex ramosus ramis inrerne 
denudatis bialatis infra foliorum costam mediam. Laminae subcoriaceae 
patulae late rotundo-ovatae, uscpie 7 mm. longae latae(|ue, aut in ramulis 
tantum 2 mm. longae, ad basim cordato-amplecdentes jiaulo connatae, 1- 
nerviae, venulis, reticulatis vix perspicuis. Pedicelli brevissimi, calyce 
folds superioribus fere obteclo. Sepala ovato-elliptica obtusa, 5-5.3 mm. 
longa, 3-3.9 mm. lata. Petala asymmetrica 12 mm. longa. Stanuna nume- 
rosissima (in flore uno 187 numerata), nscpie 6.5 mm. longa. Antherae 0.5 
mm. longae. Ovarium late ellipsoidenm, 3 mm. longum; styli 3, fere recdi, 
crassi, divergentes, 1.1 mm. longi. 

Type, (Uiairccaxas 10139, collected on the Paramo de Arcabuco between 
Ar(‘abuco and Tun,ia, Boyaca, Cordillera Oriental, Colombia, and deposited 
in the ITritton Herbarium of the New York Botani(*al Garden. The cordate- 
(‘las])ing leaves, the large number of stamens, and the very short styles set 
If, cnairecdsH ajnirt as unicpie among the species of the subsectioji Kubrathya 
known from South Americ'a. 

The Ntcw York I^otanical Garden 
New York 


1 Ball. Tonvv (^ul) 56: lOO-KU. 1929; Torreya 29: 137. 1929. 
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THE METAPHASE STAGE IN COLCHICINIZED 
ONION ROOT-TIPS 

AIkmiakf. Levini: and Sidney Geldeu 

The letlinl effects of X-i*ciy ciiid radium emaiuitioiis ou neoplastie, tissues 
ai*e iu a, ]ar<*e measure dejFeudeut upon the stafze <)t‘ devel()))meiit of tlie eom- 
poiieiit cells. The dividiuji- ('ell, it seems, is more vulnerable to these physi(*al 
aj^ents than the restiim* ones. The neo])lasia of animals y)rese]it many diffi¬ 
culties to the radiuni or X-ray thera|)eutist because of the j^reat variations 
iu the number of dividing* cells in such tissues. Arrestinji* cell division iu the 
metajdias(* sta^e in n(‘oplasti(' tissue of animals by the applic'ation of c'ol- 
('hicine has revealed no ('onstaiu'y in tlie number of dividinj** cells, for in tlie 
individual tumor DuHilier and AVarren (1941) have stunvii that th(‘ maxi¬ 
mum effect of coh'hic'ine on th(» 15ro\vn-Pearce rabbit e])ithelioma is attained 
in () hours with a single dos(‘ (0.1 m<»' ))er 100 <»ni. body wd.) ; wuth i*e|)eated 
dos(^s the (*ol(‘hi('ine attains its maximum effect at 12 hours. Tliese results 
a|)|)ly to an average foi* a <'i\’(*n dose, y(d the rt‘sponse of the individual tumor 
vari(‘S greatly. Tin* r(*snlts are so variabh* that tli(*se autliors believe* that a 
trial of the* (*ff(‘('t of ('olchicine and roentgen therapy is imprn(‘ti(*able. This 
is readily und(‘rstood, for in transplantable lum(»rs the rate of growth may 
vary with tin* ti-ansplant, the host, and other factors still unknown. 

The ready availabilit\ of dividinj*' onion root-tip (‘ells and the ease with 
w'liich this tissue may b(* ()bs(*rv(*d has b^d us to the study of the (*ff(»ct of 
X-ray on this tissue* affeedeel by (‘oh'hicine. The ai*i-est of the mitotic clianjies 
in metaphase exposes the (‘clls at a sta^e* when X-rays are* su])posed 
by many to be most effee'tive in destroying- them. It ace'ordinjilN became neves- 
sary to d(*termine at what time after tr(*atm(*nt cole‘hi('ine-ti*eate*(l onion roots 
l)re*sent the greatest niimbci’ of dividiim- (‘e*lls in metaphase*. 

The follow'iim* ij^ I'epor-t on the numbe»r of c(‘lls in meta phase sta^e* found 
iu the root tips of Alhnm c( pa. var. Yellow^ (dobe, after e^x])osure to .01 ])(n’ 
cent colchie'ine solution. The regularity Avith which the root-ti])S of the onions 
hypertro])lne*d afte*r treatment with the solution of cole'liie'ine used seenned 
to indicate that the maximum ('hauj»(*s occui*i-ed in about 48 hours. 
(Vtol(A^ie*al preparations of this tissue sliow-e*el lioAvenvr, that the lar<:est 
number of dividin<i‘ e*(4ls Avert* to be found at mm'h shorter exposures, A 
systematie* study Avas made of root tips e*xposed to a uniform solution of 
colediicine (.01 per cent) from (i hours to (i days. The number of r(*stin;i- 
cedis and e*ells in the medaphase static Avas e*ounte*d in four root-tips sele*cted 
at random after e‘ae*h of tlie folloAvinp: periods of e*\j)osure: b, 9, 12, 24, 8(),. 
48, 72, 96, 120, and 140 hours. 
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The effect of eolehieiiie as it is now well established, is to arrest the 
mitotic division in the inetaphase stajre. While it was first thouf^ht that 
colchicine increased the number of division stapres, Inidford (1936) showed 
that it arrested the cell in its metaphase division staj^e so that the number 
of dividiiifi' cells appeared to increase. 

Ludford sliowed that .00001 per cent solution is effective on mitosis in 
some animal tissue. Levan (1938) studied the effects of various concentra¬ 
tions of colchicine at time A^iryiiif*: from 7 minutes to 72 hours after the 
treatment. Concentration of .0055 per cent, he believed, was sufficient to 
cause disturbance of the spindle fij»ure. Levine and Lein (1941) showed 
that a .001 per cent solution of colchicine was sufficient to ai*rest the elonga¬ 
tion of roots of the onion. Levan further observed that the threshold value 
for aft'ectinjr mitosis in roots of Allium vepa with colchicine lies between 
.005 per cent and .01 per (^ent solutions after an exposure of 4 hours. We 
selected the larger dose (.01 yier cent s(dution) for our studies. 

METHODS AND MATERIALS 

The onions were drawn from rej^ular shipments made to this institution 
for dietary purjioses. These were selected from lar^o numbers for uniformity 
of size, weight, shape, and (‘olor; the jienetic constitution of the species was 
unknown. 

The restin^^ bulbs were placed on toj) of ('vlindrical vessels of 240 c(*. 
capacity, filled with cool fresh water daily, so that the root end of ea(*h bulb 
was (‘onstantly immersed. The vessels were coated bn the outer surfa(*c Avith 
a dense opaque material so as to exclude lijrht. The bulbs were ])ermitted 
to rest in water until a sufficient number of roots had been formed. After 
a period of from 7 to 10 days bulbs with a fair number of roots (15-20) were 
transferred to similar vessels filled with a .01 ])er cent aipieous Jiiolntion 
of colchicine. These bulbs were labeled and ])laced in a moderately cool ])art 
of the laboratory with (constantly subdued li^dit. To obtain as mu<*h diversity 
in (*ell counts as possible, roots from four different bulbs were used in each 
test. The onions used were divided into four scries ea(*h comprising from 12 
to 20 bulbs. The root-ti})s were examined first after exposure to the colchicine 
solution for 6-, 24-, and 48-hour periods. Three additional j*Toups of onions 
with many ('ontrols were selected from those exposed 9, 12, 36, 72, 96, 120, 
and 140 hours to the colchicine treatment. These were studied in the fol¬ 
lowing*' order; 36, 120, and 140 hours of exposure, 9, 72, and 96 hours of 
exposure, and 12 hours of exposure. 

After a <?iven exposure to the colchicine was made, the root-tips from 
each onion were fixed accordiu}*: to Warmke’s (1935) method; althoujxh 
fixation for jrreater periods than those su«:^ested by Warmke was found 
necessary for root-tips exposed for lonj^’ intervals. The root-ti])s were 
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stained in aeeto-earinine and ehlorazol black E, as described by Nebel 
(1940). The latter dye intensifies the stains and makes the cell- and (diromo- 
some-(*onnt more reliable. More than 4000 cells were (*ounted in each series 
after exposure to (‘olcliicine for a jriven time, and the percentajj^e of cells 
in metaphase sta^e was calculated, (knitrol bulbs were »TOwn in water at the 
same time for from 7 to 15 days, but not exposed to colchicine; the water 
was chanjied daily. The roots of these bulbs were fixed and smearenl in the 
same way. More than 4000 cells were eounted from this tiroup. 

(’ELI. rorNTS IN rNTKEATED HT’LBS 

The untreated i*oots were a bright and ^Hstenin<»' white. The cells of four 
were counted; of 4112 c'clls there were 8963 in restinjr or pro))hase staj^es 
and 149 in nudaphase, 3.6 ])er (*ent of the total (counted (Table 1). Three of 
the (*ount(‘d root-ti{)s contained an approximately (^(pial number of cells in 
metapliase sta<»'e. One root (‘ontained 58, an extreme divergence from the 
avei*a<>e. This may indicate the sekvtion of a shorter, younjier root, althoufrh 
the effort has been made to select for the eount roots of equal lenji'th. The 
extreme ])(uv(nitaj 2 ('s are r(‘present(‘d in the ^raph 1) by broken lines, 
while the blac'k line rei)res(Mits the averaji'e ])erc(Mita<zes of metapliase stages 
based on the hgures given in the at'companying table. 

CELL (’OFNTS IN TREATED UrLHS 

In table 1, the (-oiints have heen made from bulbs exposed to .01 
per cent (‘olchicine for 6, 9, 12, 24, 36, 48, 72, 9(), 120, and 140 hours. During 
long exposure's the cohdiiedne solutions were not chang(*d but fresh solution 
was added as reejuiiTd. The tips \\(*re removed, fixed, and smeared by the 
nndhods mentioned above. The veils in resting and meta])hase stages were 
('ounted. Koot-tips exposi'd to .01 j)er cent colchivine for 6 hours have a uni¬ 
form numbei- of metapliase stages, all but root 3F whivh has only 55 cells in 
iiKdaphase stages against 73 in the otlnu* roots recorded (see table 1). The 
average peiventage (6.7) of cells in the metaphase stage has almost doubled 
as a result of the exposure. At any time after exposure the departure's from 
the average are approximately ecpial, as shown by tig. 1. In the 9-hour series, 
4320 cells wej*e counted, of which 405 were in metajihase, 9.38 ]^er cent 
of the total cells counted. The variation in tlie number of cells in metaphase 
is small. The tendeiu'.v to an incnuise of the number of metaiihases is now 
apparent, as shown in table 1. This tendency IxM'ame obvious when the 
(‘ounts for the ditferent ])eriods of exposures were arranged chronologically. 
Among roots exposed for 12 hours, tlie difference between roots 2T and 5T 
is 35 cells in metaphase; approximately ecpial to the difference between (Ex¬ 
tremes in the untreated roots. The number of metaphase stages in this series 
totals 490 in 4195 cells counted (11.6 per cent) as against 405 in 4320 cells 
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TABLE 1, Number of eeUs in meiaphase in 'untreated roots and in roots treated 
ivith ,01 per cent colchicine 


Exposure 

Root 

Cells counted 

Cells ill 
metuphiise 

Per cent cells 
ill metnphfise 

None 

3 

1026 

26 

2.53 


IB 

1017 

34 

3.34 


2B 

1043 

58 

5.56 


3B 

1026 

31 

3.02 



4112 

149 

3762 

() hours 

2F 

1016 

73 

7.18 


3E 

1026 

55 

5.36 


4F 

1019 

71 

6.96 


5F 

1021 

76 

7.44 



4082 

275 

■^4 

9 hours 

2Tr 

1109 

107 

9.64 


3ir 

1036 

105 

10.13 


nn 

1143 

96 

8.39 


6H 

1032 

97 

9.39 



4320 

405 

973*8 

12 hours 

2T 

1149 

143 

12.44 


3T 

1031 

116 

11.25 


4T 

1011 

123 

12.16 


oT 

1044 

108 

10.34 



il95 

490 

1 f.6'8 

24 hours 

IE 

1034 

156 

15.08 


2E 

1232 

204 

16.55 


3E 

1022 

156 

15.45 


4E 

1010 

121 

11.98 



4298 

637 

14.88 

36 hours 

r)X 

1210 

101 

8.34 


6X 

1170 

104 

8.88 


9X 

1045 

102 

9.76 


lOX 

1041 

116 

11.14 



4466 

423 

9.47 

48 hours 

20 

1057 

85 

8.04 


30 

1097 

96 

8.75 


4(^ 

1002 

75 

7.18 


GO 

1026 

80 

7.79 



4182 


8.03 

72 hours 

(?Z 

1109 

60 

5.40 


7Z 

1062 

61 

5.74 


«Z 

1117 

84 

7.52 


lOZ 

1123 

70 

6.23 



. 4411 

275 

6723 

96 hours 

3V 

' 1110 

39 

3.51 


4V 

1053 

23 

2.18 


r)V 

1039 

45 

4.33 


7V 

1084 

53 

4.88 



4286 

. Too 

3.73 

120 hours 

2Q 

1195 

46 

3.84 


r>c^ 

1028 

33 

2.99 


6Q 

1050 

28 

2.66 


7Q 

1235 

55 

4.45 



4508 

1^ 

3.59 

140 hours 

3L 

1125 

33 

2.93 


5L 

1023 

24 

2.34 


6Ti 

1034 

53 

5.12 


8L 

1081 

16 

1.38 



42(53 

125 

2’93 
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counted (9.3 per cent) after the 9-hour treatment and 275 in 4082 eeiis 
counted (6.7 per cent) after the 6-hour treatment. It appears that some 



Num,Ut of kcurj of txfofute ^ co/cltcinc solufion^ 

Fio. 1. Tli(‘ of (vllsiii iiu*(nj>li;iso in tin* root tips of AIfnnn n pa ; unir(‘:it(*(l 

nnd ox})OHOfl to n s(»lntion of .01 ]H*r (*(*nt eotolnoiin* for from (> to 140 hours. Middle liin* 
indieates n\eraf?e percc'utnjre; u])per broken line indientes JunxiTniim ]>ereentnjre; lower 
lu'okou line indieates mijiiminn pereentage. 


roots attain the maximum number of metaidiase stages after this exjiosure, 
as root 2T. 
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Of a total of 4298 cells counted in root-tips exposed for 24 hours to the 
same concentration of colchicine 637 cells were found in metaphase. This 
is an increase of 11.2 per cent metaphases over the number counted in the 
untreated root-tips and an increase of 3.2 per cent over the 12-hour-treated 
root tips. The 24-hour exposure seems to yield the maximum effect with .01 
per cent solution of colchicine. From a study of fi^rure 1 it is clear that the 
jrreatest extremes, in the number of metaphases also occur here. It appears 
that it represents for some roots the critical exposure, for in the following 
treatments a definite decrease in the number of melaphase stages is met, as 
shown by table 1. After the 36-hour exposure there are fewer metaphases; 
from 637 of 4298 cells for the 24-hour period to 423 of 4466 cells (9.4 ])er 
cent). The extremes are represented by 101 metaphases in 1210 cells counted 
in root 5X and 116 metaphases in 1041 cells counted in root lOX, a difference 
of 2.8 per cent. In this series the results may be interpreted as a toxic effect 
on cells in the I’esting stages. Some of the cells in the metaphase stage may 
have completed their nuclear reconstruction, or some may have degenerated. 

In root-tips exposed for 48 hours to .01 per cent colchicnne there are still 
fewer metaphases than in those exposed for 36 hours. The continued 
exj)osures observed after 72, 96,120, and 140 hours showed a gradual decline 
in the ])ercentage of cells in metaphase, until in the latter exjmsures we have 
an average jiercentage of metaphases slightly lower than that of the un¬ 
treated roots (see graph). From the 96-hour to the 140-hour exposures the 
differences between extremes are approximately uniform; esi)ecially is this 
noted in the 120-hour-treated roots. The number of metaphases counted in 
roots ex])osed for 96 and 120 hours are 160 and 162, respectively, from 
counts of 4286 cells in the 96-hour exposure and 4508 cells in the 120-hour 
series. In the roots exposed for 140 hours the number of cells in mitosis is 
125 in 4263 cells counted. The average percentage for the 140-hour |)eriod is 
2.9, which is slightly lower than that observed for the untreated roots. 

It a])pears from these studies that colchicine in a given coiu'cntration 
for a giveji period u]) to and including 24 hours increases the number of 
metaphase stages in the root-tips of the onion. The variations in individual 
responses for a given solution and a given period are ap})roximately from 
1 per cent to 3 per cent of the average for all the series. 

It is clear that in these experiments .01 i)er cent colchicine has an 
inhibiting effect on the develo])ment of the prophase stage after the 24th 
hour. The extreme variation as shown in the graph indicates the beginning 
of the toxic effects exerted by the colchicine. This may be expressed in the 
increased toxic influence of the colchicine or the inability of the colchicine 
to keep the dividing cells in metaphase any longer. Both conditions seem to 
])revail. The colchicinized cells begin to degenerate; comparatively large 
lobulate nuclei are formed. In a subsecpient rei)ort effects of a study of 900- 
3000 roentgen ray units on colchicinized root tips will be given. 
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SUMMARY 

1. Onion root-tijis ^rown in water for 10-15 days eontain an averajo^e of 
3.6 ])er cent eclls in inetaphase stafre. 

2. Roots exjiosed to .01 per eent eolehieine from 6 to 24 liours eontain a 
jrradnally inereasin^i' pereentajxe of cells in inetaphase which reaches the 
inaxinnini at 24 hours. 

3. rontiniied (‘Xiiosun* for lon«*er than 24 hours shows a ^^radual decline 
in the nuiuber of mitotic staj»es to a point slightly below the fijrure observed 
for the untreate*d root-tips. 

4. The differences between extremes in the number of meta])hase stages 
in untreated and in all (‘olchicinized root-tips are approximately the same 
except at the critical exposures, shown here to be 24 hours with .01 per cent 
('olchicine, where the variation is the greatest. 

5. The number of metaphases in the colchiciuized root-tips is predictable 
within the limits of variation of the 24-hour treatment as jz’iven here. 

6. It api)(‘ars that simple plant structures like the onion root-tip are 
suitable for the initial studies of the combined effects ot' colchicine and 
x-i’ays. 

Lahoratorv Division, Monteeiore Hospital 
New York 
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DIFFERENTIATION IN RED ROOT-TIPS OF 
PHALARIS ARUNDINACEA 

Robert Bloc^ii 

Molisob^ described the iiiterestinfr oeeiirrenee of red root-tips in a juiinbor 
of ])laiit families (Crassulaeeae, Saxifrapieeae, Balsainiiiaeeae, Melasto- 
maeoae, (^)iiipositae) ; it was stated that the eoloration was due to the pres¬ 
ence of anthocyanin in the youn<*:est ])art of tlie meristems and in the root- 
ca]i cells, but no further histolojrical details were <»‘iven, 

Durinp: studies of developing*’ roots of various <renera of small-seeded 
grasses, the author Jioted frecpient occurrence of a red (‘oloration in root-tips 
of Phalaris ariindinacca. The seeds were ^rown on damp lens pa])er in moist 
chambers with the new te(‘hniqiie- for observation of living’ plant meristems 
at successive intervals. Tn the present study seeds were ”erminated eitlier in 
lijilit or in darkness, and red root-tips made their appearance aft(‘i’ aj)j)roxi- 
mately four days. 

Microscopic ijivestij^ation of the livinj*: root showed that the entire m(*ri- 
stematie area as ivell as the cells of the root-ca]) W(‘re nitensely colored. The 
distribution of the pi<>’ment was always associated with a dense ])j'otoi)lasmi(‘ 
condition in the cells, but as the cells bej»:in to vacuolate, at a distance of 
about 250-400 niicra from the apex, the coloratioji becomes less (*()nsj)icnous. 
At the last cell division in the basal portion of the meristem, two types of 
cells are set apart in the surface of the root; they are trichoblasts which 
later develo]) root-hairs, and ordinary surface cells which remain hairless. 
In Phalaris arundinacca these two cell types roujihly alternate, thoujih 0 (*ca- 
sionally several hairless cells may occur in direct succession. Tj’ichoblasts 
and hairless cells can first be distin<»:uished by slijzhi differences in the rate 
of longitudinal ex])ansion (lower in the trichoblast), but in this ;*eniis Ihe 
dissimilarity is made mu(4i more cons})icuous by a differeiu'e in the depth 
of color, the trichoblast not only remaining** more densely protoj)lasinic. but 
also more intensely colored ; this condition often i)ersisls until the root-hair 
cell has reached considerable length 1). Even later some pi^nientation 
was frequently noted still associated with the a‘••fir elation of cytoi)lasm at 
the base or the ti]) of the fTrowiiifr root-haij*, which develops either at the 
apical end of the cell or somewhat more toward its middle. The miu'h more 
rapidly expaiidiuf*: and finally considerably ]onf>*er hairless cells, on the other 

1 Molisch, H. Rote Wiirzolspitzen. Bcr. Dents. Bot. (0*8. 46: 311-*317. 1928. 

2 Sinnott, E. W. Growth and differentiation in living plant meristems. I'roe. Nat. 
Acad. 26: 65-58. 1989. Sinnott, E. W. & Bloch, B. Changes in intercellular relationships 
during the growth and differentiation of living plant tissues. Am. Jour. Dot. 26: ()2.)-(>34. 
1939. 
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hand, lose their dense eytopJasniie eondition and their pif*:mentation at a 
much earlier staf’e (%. 1). 

The differences in the decree of pifymentatioii are obviously an ex]iression 
of i^hysiolo^ncal, metabolic differences between trichoblasts and hairless cells 
in tlie transition zone located between the terminal meristem and the vacmo- 
late, mature region of tiie root. The natural red pi^iiientation may serve as a 
tool in distinjiuishino' witliout difficulty at a very early stajre of differentia¬ 
tion th(‘ two types of cells in a livinjr, undisturbed condition; it is e(pially of 
assistance in followinjr their deveIo])ment in the region of vacuolation and 
maturation, and it makes it esj)ecially easy to identify the same cells when 
re])eated observations of the same root tips are made. 





Pkj. 1. i.s (inou! nmcca Smfaccof living root, sliowin^ unotiual jjiowth and tlic 

l>ro^i<*ssi\o loss of I'oloiaticm la iiatuiall} ])ij;iiK*iitod tri<diol»lasts (daikoi) and altornat- 

liairloss ('oIIn in zonos of lu'^inninjj vacuolation (al)o\t‘) ainl niatniitN 

( Ik-Iow ). ’ lioC. 

(ien(*rally the central jjortion of the densely |)r()toj)lasntic (‘ells ap])ears 
lighter (*olored, indicatin<i* the position of the ('olorless nucleus. The coloi*- 
jiivinj*' ])i<:inent is apf)arently distributed in small vacuoles throu^ihout dense 
aj»fzrejiates of cytoplasm and hei'omes l(‘ss (‘onspicuous as lueneral vacuola¬ 
tion ])ro(*eeds in the cells; the color fjuh's out first in the rapidly ex])andin}i‘ 
hairless cells. The metaboli(‘ally much more active trichoblasts retain miu'h 
loiifier i\ (‘onsiderable amount of c\to])lasm and ])i‘»:ment, tlioujih these also 
progressively diminish. It follows that a trii'hoblast compared with an even 
youn<»er Jiairless cell whi('h has the same siz(‘ may show a denser cytoplasmic 
content and a dee])er ])i‘iin(mtation. 

It was Jioted that in injuri'd roots tlie (*oloration in tlie cytoplasm be(‘oni('s 
at first more intense as a result of necrobiotic chaii^vs. As dejieiicration pro¬ 
ceeds, however, tlie color is fretpiently taken u]) by the nucleus, wliich thini 
turns darkish red. 

Osborn Botanioal Laboratory 
Yale Tniversity 
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FURTHER EXPERIMENTS ON THE NUTRITION OF 
ISOLATED TOMATO ROOTS^ 

James Bonner 

INTRODUCTION 

The exact accessory <jiT()\vth substance requirements of isolated tomato 
roots are at present in disynite. It is a»:reed by all the workers in the field that 
thiamine or a constituent portion or portions thereof are required. Kobbins 
and Schmidt (1939 a, b) and Kobbins (1941) liave shown further that 
pyridoxine exerts a powerful p*owth-promoting: influence on the orowtli 
of the isolated tomato root, a conclusion confirmed by Bonnei’ and Devirian 
(1939), Bonner (1940), and Day (1941). White (1940) finds houever that 
isolated tomato roots are not affected in their f^rowth by pyridoxine but do 
respond to glycine (1939, 1940). Bonner and Devirian (1939) and Bonner 
(1940) could not establish any important effect of glycine but did find that 
in the presence of adequate amounts of thiamine and ])yrid()xine isolated 
tomato roots responded with increased growth to the addition of nicotinic 
acid. Neither Kobbins and Schmidt (1939b) nor White (1940) confirmed 
this activity of nicotinic acid. Kobbins (1941) has howev(‘r later shown that 
different strains of isolated tomato roots vary greatly in their response to 
nicotinic acid, some respoiuling vigorously ami some resjionding little. The 
])resent work confirms Kobbins and shows that closely related clom\s vary in 
their responses to nicotinic acid. In addition the i'(‘sp()nses of four clones of 
tomato roots to glyidne are here re])orted. 

METHODS 

P]ach of the clones of isolated tomato roots discussed below was derived 
from an individual seed of Lycopersicon esculvninm, var. “San Jose ban¬ 
ner.’’ The seeds were disinfected in 0.1 per cent IJgCl 2 , and laid out to ger¬ 
minate in aseptic Petri dishes. When the seedling roots had attained a length 
of 2-3 cm. the terminal 10 mm. of-root was removed and cultivated in 10 cm. 
Petri dishes containing 25 cc. of nutrient solution. The nutrient .solution 
coutaiiied per liter of Pyrex-redistilled water: 236 mgs. CaCNo.,). 411.j(), 
36 mgs. MgS 04 • 71420, 81 mgs. KNO^, 65 mgs. KOI, 20 mgs. KHoPOi, 1.5 
mgs. ferric tartrate, and 20 gms. sucrose, with 0.1 mgs. thiamine, 0.5 mgs. 
nicotinic acid, and 0.1 mgs. pyridoxine as addenda. During the course of the 
pxpejuments numerous trials were made in an effort to improve the consti- 

1 Rei)ort of work done with the assiataiiee of the Work Projects Administration O. P, 
365-1-07-2. 
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tution of the basic nutrient solution but no alteration of the aniouut of any 
('Jiemical resulted m sifiuificant increase of root j 2 :rowth. Glycine where used 
was added at the rate of 3 ui^s. per liter as rec'onnnended by White (1939, 
1940). The roots were incubated in the dark at 25^ C for one week and were 
then subcultured by removal of 1 cm. braindi root-tiy)s to fresh medium. 
This procedure of subculture and transfer was used in each subsequent 
transfer, which occ-urred at rejrular weekly intervals. At tlie (‘ud of each 
transfer ])eriod, the j»rowth in lenjrth of the f)rinci])al axis of each root was 
measured. The ^rowlh measurements presented below are averages of such 
measurements. 

Durinji* the prosecuition of this work, no ])iecc of glassware which came 
in contact with a solution other than distilled water was used a second time 
without an intervening^' cleaning in sulfuric acid-i)otassium dichromate 
cleaning** solution followed by seven or more rinsinjz's in tap and distilled 
water, a jirecaution whicli has been (d)served in this laboratory since the 
initiation of isolated root (odture work. 

OBSERVATIONS 

Uniformity of Material. Two hundred bi'anch root-tips, randomly 
divided into 10 lots of 20 ti|)s ea<‘h, were used as the innocula for most of the 
exi)eriments n'corded beloAv. Table 1 shows the dejiree of uniformity attained 
in a typical dummy ex])eriment of this kiiid. Of the 20 initial tips, from 18 to 
20 ^n*ew in the A^arious jirou])s. With res|)ect to j»’rowth in len<>th, the averap’e 
deviation of the ^roup means from the averaj::e of the jirou]) means was 3.8 
j)er cent. Treatment of the data by the analysis of varian(*e shows that the 
groups are homogeneous and do not differ sipiificantly amon<i- themselves. 
The best estimate of the standard error of one <rroup mean of 20 is 2.72 and 
corresjKmdin^’ly a minimum difference of about 20 i>er cent between tAvo 

TABLE 1 

V hiformit y Inal ivttli ff <nir ctn. branch tool (jps of isolah'd iomalo rools {Cbnic IT), 
Ftfiurcs represent (jroicih of principal root nri,s in mm, in 7 daps 


Lrou]) 

NiiniLcr of 
tips used 

Number of 
tips wliieli 
grew 

Av. jriou til 
mm. 

Std. error of 
MV. fjrowtli 

1 

20 

20 

.Al.S 

1.90 

o 

20 

20 

r»4.2 

:i.04 


20 

18 

.^>0.0 

1.81 

4 

20 

18 

.'lO.O 

2.35 

5 

20 

18 

r)5.;i 

3.00 

t) 

20 

18 

oo.a 

1.74 

7 

20 

19 

r)2.4 

2.71 

8 

20 

20 

oii.S 

3.52 

9 

20 

18 

o4.4 

3.70 

10 

20 

20 

50.8 

3.04 
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group means of 20 might be expected to be significant at the 1 per cent level. 
The work reported here is based on a series of 48 experiments generally 
similar in plan to that given in table 1. 

Response to Various Growth Substances. In these experiments roots 
were cultivated for one week in nutrient solutions containing various 
addenda. The roots were then subcultured and cultivated for a secojid week 
in similar nutrient. Table 2 gives data on the growth, in this second transfer, 

TABLE 2 

Jicsponse of ^ different clones of isolated tomato roots to 6 different nutrient solutions 


A(lcl(»d growth 

Ulone A 

(Uone TT 

(Oone 

W 

siil)at»iicos 

Expt. G-J4 

0-33 

G-31 

0—3 / 

0-i1 



(Irowth in nnn. 

per root per w eek 


Nolle 

0.0 

0.0 

0.0 

0.0 

0.0 

Hi alone 

0.0 

0.0 

0.0 

0.0 

0.0 

H. f Bo 

31.2 ±1.58 

31.3 ±2.83 

30.9 ± 2.37 

46.4 ± 2.79 

49.8 + 2.55 

Bj 4 iiieotinie acid 






+ Bo 

34.1 ± 1.60 

40.3 4-1.90« 

38.8 + 2.34b 

44.3 ± 2.94 

46.8 + 1.91 

Glycine alone 

0.0 

0.0 

0.0 

0.0 

0.0 



0—3 a 

0-40 

0-30 

0-4' 

None 

0.0 

0.0 

0.0 

0.0 

0.0 

Bi alone 

0.0 

0.0 

0.0 

0.0 

0.0 

B. f Bo 

48.4 ± 1.92 

30.9 + 1.28 

28.2 ±1.94 

50 2 + 2 22 

49.4 ± 2.24 

Bj f nicotinic acid 






-1 B„ 

50.0 ± 1.38 

39.3 + 2.06a 

37.2+ 1.3.“)^ 

50.1) + 2.28 

46.0 + 2.13 

B| -h glycine 

0.0 

2.5 ± 0.39 

0.0 

oTo 

0.0 

» Increase in 

growth rale associated with 

nicotinic acid significant at 1% level. 

•increase in 

growth rate 

associated with 

nicotinic acid significant at 5 

% level. 


of three different clones in six different nutrient solutions. In no case was 
appreciable growth obtained in basic nutrient solution alone, in basic 
nutrient solution plus thiamine, or in basic nutriejit solution ])lns glycine. 
In one experiment a slight response to thiamine i)lns glycine was obtained, 
but this could not be repeated in other experiments with the same clone. In 
every experiment thiamine plus jiyridoxine supported good growth, whereas 
thiamine plus glycine elicited little or no growth. With these (‘loues then, 
and with four additional clones of ‘‘San Jose Canner^’ roots for which de¬ 
tailed data will not be given, glycine does not ap])ear capable of re])lacing 
pyridoxine, a conclusion in general agreement with that of Robbins. In 
other experiments, the influence of glycine in the presence of varied thiamine 
concentrations was investigated. In no case was response to glycine found. 

Of the clones used in the experiments of table 2 only clone II responded 
significantly to the addition of nicotinic acid. This difference between the 
behavior of clone H and the other two clones (A and W) has been confirmed 
in 7 further experiments and it seems logical to conclude that individual 
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clones vary in their response to nicotinic acid. This conclusion is ajrain in 
agreement with that of Robbins (1941). 

One-Month Transfer Periods. The cultural conditions used by the 
present author differ in numerous ways from those used by Robbins and by 
White. Petri dishes rather than Erlenmeyer flasks are used as culture ves¬ 
sels and transfer ])eriods of one week, following White, are used rather than 
the l-'2-month transfer periods used by Robbins. In one series of experiments 
therefore, tomato roots were grown in 125 cc. Erlenmeyer flasks, 50 cc. of 
nutrient per flask. The flasks were inoculated with basal fragments of vigor¬ 
ous roots and incubated in diffuse light for one month. These roots were then 
siibcultured and incubated for a second month in fresh medium, after which 
the pro(*edure was re])eated for a third time. After each transfer dry-weight 
measurements (as used by Robbins) were made as well as linear growth mea¬ 
surements. Twenty roots of clone 11 (table 2) were measured and weighed 
in each treatment given in table 3, which presents data from the third 

TAIiLE 3 

(iroirth of notfs of clour II in Erlnnnrii(r flaUs (hiriruf a Irannfrr 'period of 1 month. 

Each mean os ha.scd on heentp tools 


(Jrowtli sul»stMm'C*s in nutrient: None 


Til i amine 


Til in mine + 
jiyridoxine 


Thiamine -f 
])yri(lo\ine + 
nieotinie acid 


Av. growth mm. ])er imit 0.0 ,^.2 ±2.45 22±r).75 58 + 2.34 

A\. dry wt. [ler root; mgs. (hO 0.1S± .09 2.0 ±0.48 7.3 ± 0.28 


monthly transfer. It is a])|>arent that with this clojie growth resjxmses both 
to jiyj-idoxine and to niiuitinic acid were obtained under these conditions 
and that thest* responses were (pialitatively similar to those obtained in Petri 
dish culture with one-week transfei* jieriods. The responses are evident from 
the dry-weight measurements as Avell as from the linear measurements. 

Small hut definite growth in solutions containing thiamine as the sole 
added growth substance was observed in all three jiassages of this experi¬ 
ment. It apiiears (juite possible that the same slow growth takes place in 
thiamine cultures of the ])rescnt clones when these clones are transferred 
weekly but that owing to the small increments such growth can be detected 
only Avith difficulty. 

Clone of P. R. White. Tlirough the courtesy of Dr. P. R. White, samples 
of the standard White clone of isolated tomato roots wei*e obtained on tAvo 
occasions. In a tyi)i(‘al experiment Avith this clone, of 44 roots maintained in 
thiamine-glycine medium all ceased growth Avithin 3 transfers. Of 14 roots 
maintained in thiamine-nicotinic acid-pyridoxine medium all grcAv .satis- 
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faetorily and made an averajye increment of 32 mm. per root per Aveek. It 
would appear that the Wliite clone under the conditions used hy the present 
author cannot be maintained in a thiamine-p:lycine nutrient medium. 

DISCUSSION 

Tlie present work was undertaken in an effort to find answers to two 
questions: (1.) The reason for the discrepancy in the results of Uobbins and 
those of Bonner as to the effectiveness of nicotinic acid as a f>Towth substance 
for isolated tomato roots; and (2.) tlie reason for the discrepancy between 
the results of Bobbins and Bonner on the one hand and those of White on 
the other as to the effectiveness of pyridoxine and jilycine as <:rowth sub¬ 
stances for isolated tomato roots. As to nicotinic acid, it has now been showm 
both by Robbins and in the ])resent paper that response to nicotinic acid (in 
the presence of thiamine and pyridoxine) is a property which varies with 
different clones or strains of isolated tomato roots. Some strains respond 
while others do not. Although the cultural (*onditions and the criteria of 
jS'rowth used in the two laboratories are different, still response to nicotinii* 
acid can be determined, with suitable strains, in both laboratories. Witli 
rej^ard to «lycine, however, it does not seem probable that the different 
results obtained are due to metabolic differences in the clones us(h1. Of 14 
clones of isolated tomato roots which have been investigated by the ])resent 
author, not one has been found in which glycine is able to rephu'e pyrixodine, 
or in which glycine has yet been found to have any important growtli effect. 
It would seem more probable that the effect of .glycine is obtained under 
conditions peculiar to some laboratories and not found in other iaboratoi-ies. 
Thus White (1940) found that Robbins’ standard clone, when gi'own hi 
White\s laboratory, failed to respond to ])yrid()xine, but did respond to 
glycine although to a lesser extent than the White standard clone. AVhite’s 
standard clone as grown in this laboratory failed to res])ond to glycine in 
the presence of thiamine but did make satisfactory growth in thiainine- 
])yridoxine-nicotinic acid nutrient medium. It should be recalled also that 
White (1939) has found that sunflower roots make continued luxui’iant 
growth in thiamine-glycine medium. In this laboratory sunflower i*oots were 
found to respond primarily to Biiamine and jiyridoxine (1940). 

STTMMARY 

1. Of three clones .of isolated tomato roots rejiorted in the present ])aper, 
all were fotind to grow luxuriantly through repeated transfers in nutr*ient 
solution containing thiamine and pyridoxine as accessory growth substances. 
None of the strains made continued growth in nutrient solution containing 
thiamine and glycine as accessory growth substances. 

2. Of the three clones, one responded with increased grow^th when nico- 
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iK'id Avas added to tlie niediuui in additioji to Ihiaiiiine and pyridoxiiie. 
The otfier two eloiies did not respond to nieotinic a(‘id. 

California Institfte of Tf/^iinolooy 
Tasadena, Caiafoioma 
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THE RELATION OF CERTAIN FUNGI TO THIAMINE 

AVilliam J. Bobbins and Roberta Ma 

Tlie (iis(M)very that certain fun^i, inca])able of j»]*owin}r on a basal 
medinni, developed when traces of tliiainiiie were added was followed by 
the observation that the f>:rowth-snbstan(*e deficiency of some of them conld 
be satisfied by snbstitntinji* for thiamine its ])yrimidine and thiazole inter¬ 
mediates.^ This observation was interpreted in two ways. 

On the one hand, it was assumed tliat thiamine was essential for all fiui'ri. 
Some were autotr()i)hi(* as far as this vitamin was (*on(‘.erned and synthesized 
it from elementary foods and minerals. Others were incapable of this syn¬ 
thesis and suffered from a thiamine deficiency which ne(*essitated a supply 
of this vitamin in the nutrient medium. Those belon<»in»* to the ^rouj) which 
•^rew in the presence of one or both intermediates were considered ('apabh* 
of synthesizin< 4 ‘ the essential thiamine from its intermediates and some of 
them were believed ca])able of makiiio* one of the intermediates as well. Rob¬ 
bins and Kavanaj?h (16) and Robbins (15) presented this ])()int of view. 

Other investij^ators, however, Avere inclined to believe that tliiamiiu* as 
such was not effective but owed its activity to some indirect action or to its 
intermediates. Sehopfer and Jun^^ (11) concluded that the action of thiamine 
on Fhycomi/ces was indirect; its jmesence was considered indispensable for 
the synthesis by the funjuis of factors i)eculiar to it. Sehopfer and dun»‘ (12) 
inclined toward the idea that Phycomyccs split the thiamine molecule into 
its intermediates and used these for different pur})oses. Muller and Scho])fer 
(,‘i) believed that M. ramannianus probably split the thiamine molecule and 
utilized the thiazole portion. Sehopfer (6) in studying- the tliiamine deficien¬ 
cies of Rodofomla sj). concluded that these oi'^anisms split the tliiaiiiine 
molecule, thus liberatinji: the thiazole or the pyrimidine Avhich they recpiired. 
Sehopfer (7) admitted as a hypothesis that thiamine mi»ht bi‘ syntliesized 
by fun<*i from its constituents but considered that the situation may vary 
with the organism. 

The discovery that various'species of Phyiophlhoni needed moh'cular 
thiamine and failed to jrrow when funiislied the intermediates, made pos¬ 
sible a bioassay for thiamine (13, 14). By em])loyinj? Phyfophfhora cinna- 
momi as q test orj.»anism Bonner and Buchnum (2) demonstrated tlie syn¬ 
thesis by Phycomyccs of thiamine from its intermediates. By usin»’ tlie same 
method of assay Scho])fer (8) confirmed this observation and showed tluit 

1 Tlie terms pyrimidine and thiazole as used here refer to 2-methyl-r) hromo-inethyl-()- 
ainiiiopyrimidirie and 4‘moth.y]-5-fMiydroxyethyl thiazole respectively. These are the two 
Juterinediates of thiamine. 
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Bhodotorula rubra <*T()wn on jiyriiiiidiiie aJojie and Mucor ramanniauas 
f»*rown on tJiiazole alono also synthesized thiamine. Sehojifer and Bliiiner (9) 
showed that Schiiophyllu'ui commune, whieh recpiires j)yrimidine only as a 
su])p]emejit, formed thiamine in sneh a mediiuii. From these reports, and 
tliose of others, it appears ])robable that the first of tlie interpretations pre¬ 
sented above on the relation of fnn^i to tJiiamiiie is tin* more nearly <*orreet. 

In surveyin«^' the relation of sjieeies of CeratosfomcUa and other fun<»i to 
vitamins, several w(‘re found to suffer from thiamine defieieneies (18, 19, 
20). It ajijieared worth while to determine for the members of this ^i*oup tlie 
kind of thiamine deficdcmey eoneerned, and in view of the earlier differences 
in opinion to leai*n also wlndher thiamine or a physiologically (‘(juivalent 
substance was produced by those capable of ^Towinj»‘ on media suj)plemented 
by one or both interm(‘diates. 

METHODS AND MATERIALS 

The fun^i investij.iated Avere (Urafosfomrlla fimbruila, (\ ips Xo. 250, 
(\ microspora No. ('109, (\ monfium Xo. ('424, (\ obscura Xo. (n04, 
(\ pvnicUlaia Xo. (' 110, (\ piccapvrda Xo. 240, (\ pin! Xo. 410, piui No. 
512, (\ radicicola Xo. r>2(il, (\ sicnoccras Xo. 107, (\rai<tslomclla from the 
Lomlon plane tree {(^LP), (lialaropsis thiclarioulcs Xo. (' 117, Eudocounlio- 
phora (Prrafosfotnclla) paradoxa Xo. 110, Mucor ramauntauus, and Pohj- 
porus versicolor Xo. 71700 K. 

Each oi’jianism A\as ^rown in trijilicate in test tubes at 20^' V on a basal 
solution solidified A\ith 1.5 per cent ])urified ajzar- and supplemented with 
5 m|i moles of |)yridoxine and 0,05 of biotin methyl est(‘r, and on the same 
medium plus per tube 10 nip moles of thiamine, of pyrimidine and thiazole, 
of jiyrimidine, or of thiazole. Eaidi t<‘st tube contained 8 ml. of meilium. 

All media were sterilized by autoclaving- at 10 lbs pressui*e for 20 min¬ 
utes. The thiamine aiul ])\ riiloxine Avere ^Ferck’s synthetic and the pyrimi¬ 
dine and thiazole’ AV(*re sujiplied by the .same company. The aspara;;ine Avas 
])urified by treatment with Xorit A and recr.Astallization from alcohol. The 
biotin methyl ester Avas obtained from the SiMA corporation. 

OBSERVATIONS 

Types of Response to Thiamine and its Intermediates. Four of the 
fifteen fun<»i t(*sted proved to be unable to use the intermediates but reipiired 

2 The bns;il solution ('oiitaiiicd ju r lit(*r oO doxtrosc, 1.5 KII..P(),, 0.5 ^r, 

M• 7H/), and « j?. as])avMsiiu*. To lliis solution the follo^^inJy trace elements Avert* 
fuldcd in p.p.ni. 0.005 H, 0.02 (hi, 0.1 Fe, 0.01 (la, 0.01 Mn, 0.01 Mo, and 0.00 Zn. h'he ajjar 
was ])uritied by (*xtraction A\ith 5 ]>er cent ]>yiidine fidloAved l)y 0.1 N Il(h and neutraliza¬ 
tion AAuth Ca(6H)j. 

’» Homo sampl(‘s of thiazole are coiitaminated AAith ])yrimidine. We have been furnished 
such samples and have had rejmrts to tliis effect from three oth(*r inAt'stifi^ators. 
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thiaiBine as such. Tliese were Ccraloslomella pnhriata, CLP, C. pcMicIllata, 
and (lialaropsis fhirlavioides. The response of CLP, typical of this |?roup, is 
shown in %nre 1 A after To days fjrrowth on tlie basal a^^ar inedinni and on 
that supplemented with thiamine, tlie two intermediates, ])yrimidine, or 
thiazole. 

Five of the fifteen Uwv/i jjrrew satisfactorily on the basal medium sni)p]e- 
mented with thiamine, or with tlie two intermediates, but failed to ^row 
when the sipiplement was limited to i)yriinidine or to tliiazole. These fun^i 
were CmttosfomcUa ips, C. piui No. 41() and No. 512, radicicola, and 



Fio. 1 . Types of tlii.'iiniiu* dencieiiey. E:u'li fiin^ius j^rowji on a l»asal laediuin siii)pl(' 
JiiiMitod as follows: from left to rigid, nothing, thiamine, thiazole and pyrimidine, pyrimi 
dine, tliiazole. .\, Cnahtslomtlla from fjondon plane tre(‘; I>, C(‘ruhK\l(nnrUa pttu; (\ 
Mneor rauKUiniaiUhs; |), ('rmloslonirlla montmm; E, .isprrffil/ns n((/(r. 

Polfjpants rcrsicolor. As far as could be judged from the growth on the 
agar slants, the two intenm^diates were as satisfactory as thiamine for these 
fungi. The growth of a typieal representative of tliis group, C. pitti No. 512, 
six days^dd, is sliown in figure 1 l>. 

Six of the fungi grew on media supplemented with thiamine, with the 
two intermediates, or with pyrimidine, but did not grow on the basal medium 
or on the medium suj)plemented with thiazole. These fungi were C. micro- 
spora, C. monfittm, C. ohscitra, (\ piccaperda, C, stcvoccras, and Endo- 
(ionidiophont parado.ra (fig. 1 D). 
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None of file fifteen showed a response like that of M. ramannianus (fi^. 
1 (.') wliieh jiTows on media supplemented with thiazole, but not on those siij)- 
plemented with j\vrimidine. 

Quantitative Relations. The effeei of various amounts of thiamine on 
the jirowth of (^LP and Endocouidiophora paradoxa was studied briefly. 
These two fun^i were ^n*own in trijdieate in test tubes eontaininj»‘ 8 ml. of 
the basal ajiar medium su|)])]eniented per tube with 5 mp moles of pyridox- 
ine, 0.05 of biotin, and 2 m«>-. of easein hydrolysate plus thiamine as fol¬ 
lows: none, 0.001, 0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, or 1.0 111 ^ mole. 
At the (‘lid of (d(wen days the <>:r()wth of (UjP had (*overed the slojies in those 
tub(‘s eontainiiifi* 0.25 mp mole or more of thiamine. With smaller amounts 
jirowth was dec'reased (fi^-. 2). The effe(‘t of 0.001 mp mole of thiamine was 
slijiht but \ isible. rnd(‘r our t^x]>erimental eonditions 0.001 m|.j mole of thia- 



FKt. 2. C^uanlitv of tliinmiiu* and ('LP. From loft to Ijjis.mJ modiiim ])his 

inolos of tliinmiiio jis follows: (i.o, 0.23, 0.1, 0.03, 0.023, 0.01, O.OOl, none. A^(‘, 11 days. 

mine >\as sli^litly but dete(‘tably benefieial to (d.P and (piantities of 0 5 mp 
mole or jiivater a]i])(*ar(*d to <.»ive the maximum bem^fit. 

Kor E. })(trddaxa an (*ffeet of 0.001 1141 mole of thiamine A\as not observed, 
but 0.01 1141 mole vas slightly benefieial. The growth inennised in extent and 
lu^aviness up to 0.075 mp mole of thiamine i)er tube. 

While the ^I’owth of (d.P or E, pamditxa on slants of an a;iar medium 
properly ])re])ared eould be used for approximating* the cpiantity of thiamine 
in a substance to he assayed, the method is time-eonsuniinji* and approximate 
only. It is doubtful whether further refinement would be d(\sirable. 

The daily growth rate in mm. of Phucompas blukcslcvanuH, two strains 
of E. paradoxd (No. P 116 and No. 1^ 520), and (\ vddicictda was determined 
in tubes in tlie presence of various amounts of thiamine after the method 
described by IJeadle and Tatum (1). Fifteen ml. of the basal a^ar medium 
supplemented with })yi*idoxine, biotin and casein [iydrolysat(' and (piantities 
of thiamine ran^inji* from 0,001 to 0.5 mp mole were used ])er tube. In our 
experiments the j»row’th rate of none of the fun^i mentioned was sufficiently 
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correlated with the quantity ol* thiamine to suprp^est that it could be success¬ 
fully used for determining? thiamine by this method. 

Synthesis of Thiamine from the Intermediates. The synthesis of thia¬ 
mine by the funjri which ^rew on media containin«* the two intermediates 
was determined as follows : 

Each fungus was frrown in duplicate in 125 ml. ErJenmeyer flask con¬ 
taining 25 ml. of the basal solution supplemented per flask with 10 m[j moles 
of pyridoxine, 0.05 of biotin, and 10 m^i moles each of y)yrimidine and 
thiazole. Some flasks containinj? the same solution were retained uninocu¬ 
lated. After a moderate amount of growth had developed in the inoculated 
flasks (after from 5 to 14 days), acid produced by the fun<?us was neutral¬ 
ized with dilute KOH, sufficient purified agar was added to make a 1.5 per 
cent solution, and the flasks were autoclaved. At the same time agar was 
added to the uninoculated solutions which also were autoclaved. Both the 
check medium and that in which the fungus under investigation had grown 
were then inoculated with CLP. Since this organism (ioes not grow unless 
the culture medium contains molecular thiamine, its development demon¬ 
strated the presence of thiamine or a physiologically equivalent substance. 
C. ips, the two strains of (7. pini, C. radicicola, and Pohjporufi versicolor 
were found to produce appreciable quantities of thiamine when grown in 
liquid media supplemented with thiazole and pyrimidine. 

In this method both the mycelium and the liquid in which the fungus 
under investigation grew were included in the final test medium. It is not 
possible to say wliether the thiamine which was produced was r(»tained by 
the fungus mycelium or excreted in part into the surrounding liquid. 

Synthesis of Thiazole and Thiamine. The synthesis of thiazoh*^ by 
those fungi which grew in a solution supplemented with pyrimidine was 
demonstrated by a ymocedure similar to that used in testing for thiamine 
production. However, the fungus investigated was grown in the basal solu¬ 
tion supplemented with pyridoxine, biotin, and ])yrimidine. M. ramainiianus 
was used as a test organism for thiazole. The synthesis of thiamine also was 
determined for this group by using CLP. 

Each of the six fungi which grew in solutions supplemented with pyrimi¬ 
dine only were found to produce thiazole and thiamine in a licpiid medium 
supplemented with pyrimidine (fig. 3). 

Synthesis of Pyrimidine and Thiamine. The synthesis of j)yrimidine 
and thiamine by M. ramannianus was demonstrated by cultivating the fun¬ 
gus in the basal solution supplemented with thiazole. E. paradoxa was the 

4 The hioassays used in this investigation do not prove the presence of free thiazole 
or free pyrimidine. 
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test orfj:anism ei!ii)loyed for pyrimidine and CLP for thiamine. Appreciable 
quantities of both pyrimidine and thiamine were found to be produced by 
M, ramannianvs when ji^rown in the basal solution supj)lemented with 
thiazole. 



Sviitliesis of tliinzolc mid of tliimnino by Ct nitostinnrUa strnocrraa in a l»asal 
solution coiitaniin^ pyrimidine, (i) Tlic basal solution supplemented with jiyrimidiiie 
solidified with ]>urified ajjar and imuMilated with MKcor ramtunnanus; (‘J) basal solution 
supplemented nith pyrimidine in whieh (\ ,s/<'«m*ern.v was ^rown 11 days. Afti'i* addition 
of aijar and autoelavinjr inoeulated with M. ramannKutns; (11) same as (1) but inoeulated 
with Ccraioslnniclla from bondon plane tree (U/.U) ; (4) same as (2) but inoeulated with 
CLP, of eultures, 11 days. 

DISCUSSION 

Two of the organisms included in this re])()rt were ])reviously studied. 
Scho])fer and Blumer (10) found Poltjponts {PalpsticfKs) rersicolor re¬ 
sponded to a mixture of iiyrimidine and thiazole, but not to one alone. 
Scho])fer (4, 5) and Miiller and Schopfer (It) found thiazole permitted 
jrrowth of M. ramanmanusf but ])yrimidine was ineffective, and Schopfer 
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(8) reported that thianiioe was formed by this fiiii^us in a medium supple¬ 
mented with thiazole only. 

Combini)!^ the results obtained in this study, and those summarized by 
Robbins and Kavana^h (17), 19 filamentous fun^'i are now known whieh 
recjuire thiamine as siudi (the majority of tliese are species of Phytoph- 
thorn) ; 15, able to use the two intermediates; 80, which j^tow when supplied 
with pyrimidine alone. M. ramannianuH remains as the unicpie example of a 
funous which «tows in a medium supplemented with thiazole only. We 
cannot exi)laiu why amonp* thiamine-deficient funj^i the ability to synthesize 
thiazole is so niiudi more (‘ommon than ability to synthesize pyrimidine. If 
we consider that thiamine-defieient funjri evolved from forms autotrophic 
for thiamine by a proj^ressive loss in synthetic power, the course of events 
would appear to have been as follows: loss of ability to make one of the 
thiamine intermediates followed by loss of power to combine the intermedi¬ 
ates into thiamine; and in such a .se(|uence loss of ability to make pyrimidine 
would appear to have been far more freqiient than to make thiazole. 

Our re^sults together with those obtained by others sup})ort the assump¬ 
tion that the bio-synthesis of thiamine occurs throujih the formation of 
pyrimidine and thiazole, and the combination of these intermediates into 
thiamine. If these processes are enzymatic, as is likely, it would seem that 
separate enzyme systems are concerned in the formation of thiazole, of 
pyrimidine, and in the union of the two to form thiamine. Otherwise it would 
be difflcMilt to understand how the loss of ability to synthesize one of the 
intermediates could occur without at the same'time causing’ loss of ability 
to synthesize another. 

Are there funjri able to synthesize one or both intermediates but unable 
to combine them into thiamine? The existence of such orjranisms would be 
jiossible if independent enzyme systems are concei’ued in the synthesis of the 
intermediates and of thiamine, as sujrji:ested above, thoujrh the evohitionaj-y 
se(juence discussed ]>reviously would militate against their occurrence. If 
such funjii exist, and this is not probable, they would be incliuled in the 
«rroup which reijuires the addition of molecular thiamine to the medium, and 
they could be identified by the proper bioassays under (*onditions in wliicli 
the amount of thiazole and pyrimidine in the original cultures was known. 

In any event, the results of these investigations emphasize the importaiUM* 
of thiamine as an essential metabolite for the funji:!. 

The New York Botanical Barden 
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Bartram, E. B. Third Archbold expedition, mosses from the Bnow ^Sroiintains, 
Netherlands New Guinea. Tdoydia 6: 245-292. D 1942. 
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Dwyer, J. D. Kan fniHa, a iiew' genus of the (Achnaceae. Bull. M^irrey Club 70: 
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Foster, A. S. ft San Pedro, M. P. Fitdd studies on Microcpea.s raloroma. Mem. 
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McFarland, F. T. A ('atalogue of the vascular jilants of Keiituckx. (\astanea 
7: 77-108. 0-1) 1942. 

Machado, O. Contrilmii'ao ao estudo di Polnra Rarb. Rod. Rodriguesia 

6''’: 17-23. pi. 1-f. 15 .le I‘>42. 
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la flora de (^iba. (Vmtr Inst. Rot. Cinv. Montr«*al 43: 1-ld. /. l-I(f. H>42. 
Marle-Victorin, Friit & Rolland-Germain, F/f/v. Rjeinieres observations botani- 
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of Minnesota, rev. ed. 1-71. lithoprinted. Burgess Pub. (h)., Minneapolis, 
Minn. 1941. 
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538: 1-31. /. 1-20. 8 1942. 
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Univ. Am. Biol. 8er. 41: 1-62. 1942. 
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Standley, P. C. & Steyermark, J. A. Studios of Central American plants— ^III. 

Field Mils. Bot. Ser. 23': 1-28. 14 Jji 1943. 
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Stehl4, H. Catalogue des crvptogames vascnlaires des Antilles Francaises. Carib. 
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Taylor, W. B. (’aribbean marine algae of the Allan Hancock Expedition, 1939. 
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Yuncker, T. G. Nommiclatural changes in the genus CusctAa, and notes on some 
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MORFHOLOCV 

(incliKlin^ amitoiny. ami cytology in part) 

(See also under Taxonomy. Ciieadlc, Vassilchenko) 

Burton, G. W. Ob.servations on the flowering habits of four J'aspalum .species. 
Am. .Jour. Bot. 29: 84,3-848. /. i-J. 1) 1942 118 Ja 1943]. 
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Esau, K. Vascular differentiation in the vegetative shoot of Linum. I. The pro- 
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induction in wealthy apple trees. Proc. Am. .Soc. Port. Hci. 40: 113-119. 
f. 1-i. My 1942. 
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PLANT PHYSIOLOGY 
also uiidor Mycology: Hraun & Laskarls) 
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in relation to absori^tion in inorganic nutrients by higher plants. Plant 
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ontogeny, from ])lant8 of varying iietcrotic vigor. Am. Jour. Hot. 29: 
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THE TERTIARY CHARACTER OF THE COVE HARDWOOD 
FORESTS OF THE GREAT SMOKY MOUNTAINS 
NATIONAL PARK^ 

* Stanley A. Cain 

It is tlie purpose of this jiaper to show by iiulireet means that larpre 
jiiiuibers of the «reiiera of the eove hardwood forests are aneient <»euera whose 
sj)e(*ies have loiijjf lived in the southern Appala('hiaii refrion. In order to 
develop the probability of this thesis, it is necessary to make certain assump- 
tioJis. Direct evid'eiK'e is lacking. 

Abundant fossils of anjiiosf)ermous forms appear in tlie Cretaceous, and 
in the lat(‘r Creteceous the flora had be(*ome pretty thorou^rhly modernized 
with respect to famili(*s and genera of floweriufr plants. Throu^rhout the 
Jonji' history of aJijril)spernious evolution, the southeastern hijihlands of the 
United States have been (*ontiiiip)usly available for occupancy by plants. At 
lousier or shorter intervals of time durinjr this period overland hifrluvays 
have been available for ])lant mijiration. The niodern flora show\s relation¬ 
ships with the south—the (’'aribbean, Mexico, and Central and South Amer- 
i('a—, with the hoi*th, and, by means of' northern routes, w’ith w’esteru Amer¬ 
ican, eastern Asia, and Europe. IMant j>:enera^wliich undoubtedly orijiinajed 
elsew*hei*e have round their w’ay into the southern states; and from this area 
mijlratioiis have carri(*d some stocks to remote i’e<»ions. At other times con¬ 
nections have been broken by eiK'roachment of seas ujam the land—as by the 
Mississipj)i Embayment—or by ice from the north. Continental shelves have 
- be(*n submerged and (‘oastal plains built up. 

Unfortunately, however, the fossil record durinji- this time is absent for 

the southern hi<rhlands themselves. It is onlv bv indirection that we can 

• * • 

know the nature of the flora of this region. Hathcr abundant Cretaceous and 
early and miildle Tertiary fpssils are available in the‘southeastern states, 
but only for lowland floras where land and sea have met and suitable sedi¬ 
mentary basins have been available. 

Of the 81 <ienera that mad(' their ap})earance in the Eocime Wilcox flora, 
HO per cejit are tropical in their modern aflinities, and ])r()bably also in their 
ancestry, accopdinjr to Berry (1930). The Olijiocene, he said (Berry 1923), 
was ^^a tiiiitj of trojiical marine dejmsits alonji' the southern coast.’’ And 
although the “Miocene was ])re-eminently the period of hardw^ood forests,” 
the upland flora w^as undoubtedly scantily represented in the coastal de])Osits. 

^ Contribution from the Depart incut of Botany, The T'niversity of Tennessee, New 
Series No, 59. 

The tables are jiiiblished with the assistanee of the Lueien M. I‘^ncl(*rwood Memorial 
Fund. 

2i:i 

I The Bclletin for March (70: 91-212) was issued March 1, 194.3] 
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Ill the following tables and ealeiilations of percentajyes only fossil records 
from the southeastern states have been considered. Had records from western 
North America, Greenland, Europe, and Asia been employed, many addi¬ 
tional jrenera could be added to those known from the Cretaceous and 
Tertiary of the southeastern states. It seems reasonable to assume, however, 
that several fienera of more northern areas, characteristic of temperate and 
cool temperate climates, must have found their way southward in the up¬ 
lands even while the shores of the Gulf were clothed by species of Ficus, 
Cmnamonium, Lauras, and other «jrenera of warm temperate and sub¬ 
tropical nature. This assumption is warranted by the observation of modern 
distributions. For example, red spruce that reaches sea level in Maine does 
not ^0 lower than 4-5,000 feet in the Great Smoky Mountains. At lower lati¬ 
tudes the same species or ecolojrically equivalent plants must live at higher 
altitudes in order to find environmental conditions to which they are 
adapted. 

It is assumed, then, that the incomplete record of modern southern Ap])a- 
lachiaii jifenera in the Cretaceous and Tertiary deposits of the southeastern 
states is not necessarily due to their absence from the southeastern states 
(or from their chance absence from such floras as the Wilcox, or their lack 
of discovery as fossils), but is due to their remoteness in the southern up¬ 
lands from suitable sedimentary basins. It seems to be more surprisin<r that 
as many temperate genera occur as do, rather than that certain ones are 
absent from the fossil records. What chance, for example, would Picca rubeus 
and Abies Fraseri of the present boreal forest of the Smokies liave to enter 
a modern sedimentary basin at low elevation ? 

The use of the latitude-altitude relation is based on the assumption that 
the species of the past had approximately the same climatic requirements 
as do species of the same jyenera today. Generally this assum])tion is valid 
althoup:h it is well known that tropical frenera and families may have occa¬ 
sional truly temperate forms, or the reverse, that temperate <»'enera and 
families may have some tropical representatives. This assumption is at the 
heart of the principle of synchronization in the dating;’ of j»eolo^*ical floi'as 
as discussed by Chaney (1936). For example, when the Eocene redwood 
forest was in Alaska, a subtropical flora occupied Washington and Orej?on. 
By Miocene time the redwood forest had mif?rated down the coast to re])lace 
the subtropical, but undoubtedly many of the temperate forms of the Mio¬ 
cene redwood forest of the John Day basin came not only down from the 
north but also down from hip^her elevations of approximately the same lati¬ 
tude. This ecolop:ical interpretation is valid, but the assumption that all 
deposits with the same flora are synchronous is not valid. 

The second major assumption involved in the present thesis is that the 
ancient nature of certain genera can be deduced from modern areas. It is 
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]i()t tlie size of n j^eiierie area that is important, but whether the total area 
is interrupted by major disjunctions wider thaji tlie dispersal (‘apaeities of 
the forms concerned. For exam|)k\ on the American and Eurasian continents 
the Pleistocene ice sheets produced disjuiictions of once transcontinental 
ranges. Western and eastern American spe(des of several fienera are no 
longer in contact, and many <»ejiera once in western as well as eastern 
North America are no Ionian* represented west of the Great I^lains (Fernald 
lf)25). Similarly, many sp(‘ci(*s were forced to withdraw from jrreat portions 
of their Eurasian ranges with the continejital ice advances and, especially in 
Europe, there was considerable extinction {Jji])pmaa 1938). 

Lon^‘ before the Pleistoccme, however, the brt‘ak-u]) of oiu'e circumboi*eal 
ranj^es had commenced in certain regions. From the London (lay flora, for 
example, it is seen that the subtropical elements were withdrawinji' from 
western Pliirope and beinjr replaced by temperate forms; and in the later 
Tertiary many of tlie temperate ran<»es were disrupted. In Am(‘rica the 
disrnjition of trans(*ontinental ranges had been ^oinj:’ on steadily with the 
])i'()<i*ressive desi(*cation of the <‘OJitinental interior b\' the barriei* to the 
moisture-laden winds from the west foruied by the (kmlilleras. 

Whatever the time of the transoceanic connections (whether by land 
bridges, as was undoubtedly tlie case in more recent times, or by continental 
dis|)la(‘ement), two poiiits are clear. In the first place, such conne(*tions 
across the nortli Pacific and the north Atlantic undoubtedly once existed; 
and second, climatic conditions wore more favorable than now\ because tem- 
perat(‘ plants can only mijirate throujih ri‘j:ions of t(‘mf)erate (*limate. Demon¬ 
stration of a land brid^t* does not prove a mijiratory tract— conditions must 
be suitable for the ])lants under consideration. 

It is thus reasonable to assume* that <*ertain ty])es of modern ai*eas could 
only have* b<»en attained in (h-etaceous and early Tertiary times. This applies 
with conspicuous reasonableness to those jrenera which today have speedes 
only in eastern North America and in eastern Asia; and applies with only 
slijihtly less certainty to those «»enera that have species of circumboreal area. 
As a matter of fact, in the absence of fossil records, it is only of those jienera 
that are strictly American endemics, and especdally wdien confined to the 
Atlantic half of the continent, that one cannot certainly say that they are 
as old as the Tertiary. 

The assumj)tion has been made that many temperate jrenera not known 
from the early Tertiary deposits of the southeastern states existed in that 
rejiion at hij^ber elevations than the floras re])resented by the Wilcox. It is 
]ie(*essaTW, then, to (*onsider whether such uplands probably existed, for if 
there is oviden(*e of their jjresence the assumption that they w^ere covered 
by a temperate flora has a hi^h defrree of pi*obability. It is ti*ue that wdien 
subtropical and warm temperate floras w’ere in the lowlands of the south- 
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eastern states warm types also penetrated low-lyinjz: areas mneh farther 
northward, as at Brandon, Vermont. Synehronons with these invasions was 
a nortliward extension of temperate tyj)es to relatively ]n«h latitudes. At 
the same time there must have been an upward mijyration in mountainous 
regions of all vef^etational belts. The problem, then, is whether there were 
in the southern states any land masses of suffieieut elevation to have sup¬ 
ported t(*mpej-ate floras during the early Tertiary and ])ermitted an inter- 
digitation of eliinatieally different floras. 

This seems to be a dif3fi(;ult question to answer, but some indieation of 
the situation is obtainable from Wright (1932). The oldest erosion surfaee 
that is well preserved in this region is the Sehooley i)eneplain. This erosion 
level stands today at about 3,100 feet at Pisgah and 4,000 feet near Grand¬ 
father Mountain, North Carolina. Certain mountain groups, supposedly as 
monadnoeks, rise above the well developed Sehooley level in lU'arby areas. 
For example, Grandfather Mountain jiow rises about 2,000 feet above the 
S(‘hooJey level, and Blue Hidge and Great Smoky Mountain i)eaks rise from 
1,000 to more than 3,000 feet above the Seliooley level at Pisgah. In addition 
to this differential in altitude, which may be conservativ(‘ly ])la(*ed at 2,000 
feet, it is certain that the monadnoeks were even higher above sea level. In 
places the slo])e of the Sehooley peneplain a])pears to have been as much 
as 70 feet in a mile. Although its average sloi)e was probably much less, it 
seems probable that the uf)i)er edge of the plain must have stood at some¬ 
what more than 1,000 feet above sea level. There may have been some dif¬ 
ferential uplift which lias made the Blue Kidge and other monadnoeks 
higher now than they were in Sehooley time. It does not seem unreasonable, 
however, to conclude that various monadnoeks such as the (bunberland 
Mountains, the Great Smoky Mountains, and the Blue liidge must have 
stood from 1,000 to 3,000, or even 4,000 feet above sea level. Two further 
questions need to be considered. Are these probable elevations sufficient to 
have permitted a temperate montane flora when the lowlands were occupied 
by warm temperate and subtropical floras? Were these elevations in existence 
during early Tertiary time ? 

Wright (1932) suggests that tlie Sehooley is possibly (b*etaceons. Cole 
(1941), who has studied the various erosion surfaces and made coj-relations 
of them, accepts the conclusion of Stose (1940) that the development of the 
Seliooley surface can probably be assigned to the Jurassic, although the 
maximum dissection of this surfaee may noit have occurred until mid- 
Tertiary. It is possible to conclude, then, that the Sehooley was undergoing 
elevation during the Cretaceous and early Tertiary, and that the conclusion 
with respect to the presence of uplands in tlie southeastern states is fairly 
sound. 

As to the other question, and judging from the altitudinal relations of 
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inodern vej*etati()iu)l belts, it schmus likcdv that tlie maximum (devatious of 
3,000 to 4,000 feet above sea hwel wiiieii the more important monaduoc'ks 
})robabJy liad were siiffieieiit to ]>ermit the existeiiee of temperate vejretatioii 
ill a latitude where subtrojimal floras oeeiirn^d at sea level. This, as has 
already been admitted, does not (*onstitute more than eireiimstantial evi- 
deuee for the existenee of a typieal tem])erate flora in the uplands at Wil(‘OX 
latitudes, but in view of the faet that the Wilcox does contain some tem- 
jierate jj:enera, it secuns reasonable that the uplands must have contained 
many of them. 

The method of obtaining the data presented below will be describ(‘d 
bri(*fly. A list of the arborescent sjieides of the Great Smoky Mountains 
National Pai*k was obtained from the Park (‘atalo^iue (Jeiiuison 1938). All 
other records of the flora are incomph'te, because they rejiresent only those 
plants en(‘ountered on sample plots from the cove hardwood forest complex. 
The list of trees and tabular data Avere obtained from jilots that averajiied 
about 4,000 s(|. m. in area from (‘ach of 31 .stations in the virgin forest of the 
Greenbriei* re<»i()n. liata (‘oiu'erninjr shrub.s, woody vin(‘s, and herbs were 
obtained from P) stations. During* the spring-flowering* sc^ason, 10 stations 
were studied by a serit‘s of 10 (juadrats of 1 s(j. m. each at each station. 
Durinji* the summer .season, 9 stations were studied by a series of 10 (piadrats 
of (i s(t. m. each at each station. Althou<»h these data do not include all the 
spec'ies of the cove hardwood foiv.st (complex, th(*y do represiuit its char- 
a(‘t(M*i.stic composition in primeval condition. 

Possil rei'ords of the genera of the plants that ('ompo.se the present foi*('st 
A\er(‘ obtain(*(l from various |)ubli(*ations concmaiinj’* the soutlunistern states. 
This an^a is interjireted as exttuidinjr from the deposits of the easteiai shore 
of the Mississippi Emba\m(‘nt to Florida and northward to KiMitucky, New 
fler.sey, and Mainland. Tin* formations consulted are shown in table 1. Only 
those recoi-ds which seem (-ei'tainly to rejiresent modern jienera are iiK'lmUHl. 
For e.xample, (UidiiHiopJnfUum is not accept(*d as indicatinji* the pi-esence of 
(rlrdifsKir The public'ations u.sed were principally those of Berry and Knowl- 
ton, and are cited at the bottom of table 7, In the study of modern generic 
ar(*as Dalla Torre and Harms (1900-1907) ]>rovide(l the standard .soun'e 
of information. This Avas sujiplemented by inference to Bailey (1933), Small 
(1933), and other more rec'ent sources. 

If a »enus is listed as beinjr pre.sent in Asia and America, and absent 
from Europe, it frecpiently is confined to eastern Asia and eastern North 
America. Some spevies may occuir also in the Himalayas or Avestern North 
America, or in the .south teiipierate zone. The.se additional areas do not affect 
the point made, that the j^enus has major disjunctions that are substantial 

2 Berry (ItKiO) tmiisfcrrcd Cqssui misfsLsstppicnsifi to GIr(hfsut ? mi,s.st,s.sq)in('ti,sfs as 
a tentative disposal of ccrtjhii Wilcox fo.ssils. 
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proof of the ancient oripn of the {generic stock. Hystrix, for example, con¬ 
sists of four species in Noi’th America, Siberia, and New Zealand. Vagnera 
is in Asia and both western and eastern North America. Arisaema is in Asia, 
Abyssinia, and North America. Podf^hyllum is in America and the Hima¬ 
layas. Mvihomia is in America, Asia, and Australia. Sometimes the present 
disjunctions are partially bridged by fossil records. Section Saccharino, of 
Acer, according to Pax (1926), was represented in Europe and Pacific North 
Ameri(‘a during*: tlie Tertiary. Today the section (or the genus Saceharo- 
dendron) consists of A. saccharum, A. floridanum, A. nigrum, and A. Icuco- 


I'ABLE 1. Formations of the sonthcastmi states chcclcU for fossil representatives 
of the modern pencra of the cove hardwood forests of the Great JSmoky Mountains Nafitmal 
Park. From Knowlion (191U). 
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derme in eastern North America. A. grandtdeutufu in the Rocky Mountains, 
and A. diabolicuw in Japan. A considerable number of the genera not only 
had an extensive range iji the Cretaceous or early Tertiary, but probably 
also consisted of many more species than today. Not only are several genera 
represented today by a small number of closely related species in eastern 
America and eastern Asia, but these relic genera are frequently quite with¬ 
out close relatives. Caulophyllum has one species in eacdi region. This is like¬ 
wise true of Tovara, Diphyllcia, Sassafras, and Liriodendron. When certain 
other genera are listed as being circumboreal, in Europe, Asia, and North 
America, it does not necessarily mean that the genus lacks tropical or south 
temperate species. (Jarpinus, for example, is also in the tempei’ate of Mexico. 
Wallia (Jitglans) is also in the West Indies and the Andes of South Amer¬ 
ica. Alnus is also in the Andes; and Morns and Vlmns extend into tropical 
mountains. Aster is in South Africa, as is Oxalis. Many genera are practi¬ 
cally all over the world, as well as being circumboreal. Here may be men¬ 
tioned such genera as Ranunculus^ Poa, Carex, Senecio, Alsiue (Stellaria), 
Galium, Allium, Cuscuta, Gcum, Peramium (Epipactis), etc. 
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SOME ('HARA(^TERISTICS OF THE COVE HARDWOOD FORESTS 

The author has been stiulyiiij^ the eomjiositioii and structure of the virjrin 
cove liardwood forests for the past several years and considerable unpub¬ 
lished data have accumulated. Quantitative studies have been made at over 
50 stations, but the data employed in the present connection represent the 
summary of only 31 stations from tlie (Ireenbrier repon. Sin<rle ])lots, aver- 
aj>:in”' about 4,000 sq. m. in area, have been used for the arborescent layer. 
()(‘(‘asionalIy the plots have been as small as 3,000 sq. m., or as lar^e as 5,400 
sq. m. The size of th(» jilot at any station has been refrulated by several fac- 
toi’s: the size and density of the dominant spec'ies; the number of sfiecies 
in the community; and the liomojreneity of th(‘ stand, with respect to fre¬ 
quency of the spe(*ics and their basal area. It is thought that the data ob¬ 
tained from the various plots are more dire(*tly comparable, because of the 
adjustment of plot size to stand character, than if a constant-size plot had 
been used. Ea(4i plot was ap|)roximately of minimal area size. 

The various subtyp(*s of the (‘ovc hardwoods have been arranjred in two 
alliaiK'es, the Aesculioii and the Tsu^ion. The followin«i’ tabulation shows the 
subtyp(*s in each alliance: 

(N>vc lijiulwood (‘oinplex ((IrcciUn'ic r rcRicii, Great Smoky Mountains) 

A<‘s('ulioii 

.\es(*ulo-3’ilietiini (hiiekeye basswood segregate) 

Saeeliarodendro Ibalesudum (sugar ina|»le-s]lv(‘rb(‘ll segregate) 

TV'tuletum (yellow l)ir('li s<*giegate) 

Fagetuiu (l)e(‘(di s(‘gregate, mostly a bigli altitude gap t>pe) 

'rsugioii 

Tsugo-Fagetum (lieinJoek beech segregate) 

Tsugo Liriodeiidretuin (hemlock tulip tree segregate) 

'rsug<‘tum (luunlock segregate) 

These forest types can be considered association segregates, in the sense 
of Braun (193»'3), or lociations, in the sense of Clements (1936) and Cain 
(1939). Collectively, the (‘ove hardwood forests represioit a southern Appa- 
lac'hian facnation of the majde-beech-hemlock-birch association of the eastern 
deciduous forest formation. The southern faciation is distinguished from the 
northern forest by the j)resence of such trees as Acsculus octandra, HaJrsin 
monticolii, and Maifnohd Frasin, and the abundance of Linodciulron 
tidipifera. Most of the stations studied by quantitative means were selected 
because of their rejiresentation of the subtypes. A larger total acreage is 
covered by mixed, mesophytic forests that cannot be easily assigned to a 
subtype. This is the undifferentiated deciduous forest climax of Braun 
(1935), and others. 

The concept is widely prevalent that the so-called Arclotertiary forest 
was essentially an undifferentiated mixture of a large number of temperate 
forest species. With relative ‘homogeneity, it presumably occu])ied an ex- 
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tensive cireumboreal territory, and, during: the Tertiary, with cdiinatie de¬ 
terioration in many places, specific and generic ranges were contracted and 
disjoined. This process was brought virtually to a modern condition by the 
Pleistocene ice sheets. It is certainly true, as shown by fossil re(*ords as well 
as modern areas, that many species and genera once occupied more extensive 
areas; and many regions once had a richer temperate forest flora. For ex¬ 
ample, many eastern forest genera were once a part of the western American 
forests, and are now completely unrepresented there. It does not seem cor¬ 
rect, however, to emphasize too strongly the undifferentiated character of 
the Tertiary forests. Inasmuch as there were oceanic*- and continental areas, 
low and high elevations, and strong topographic contrasts during the Ter¬ 
tiary, there must also have been local or microclimates. The Tertiary forest 
must also have had faciations and lociations, as well as larger asso(*iations. 
It is not intended to deny that the undifferentiated forest probably 0 (*cu])ied 
a larger area during the Tertiary than it does today, but to emphasize that 
association segregates were undoubtedly a feature of the Arctoteidiary for¬ 
est then, even as now. To reason otherwise would be to assume that many 
sj)ecies have changed their ecological tolerances, with the passage of time, 
always in the direction of narrower amplitude. 

In table 2 are presented the statistical data concerning the arbores(*ent 
layer. Density and <*overage data are not shown for the pnrpc^ses of this 
paper. By present (columns 1 and 3) is meant that the species was found 
growing wdthin the number of plots indicated. A spe(*ies was not I'ousidered 
to be dominant unless it composed about 50 per cent or more of the total 
basal area of the trees on the plot. Codominants are those specie's of more 
than about 15 per cent basal area. In most of the stations there were oidy 
about from two to four domijiants and codominants making up 80 ])er cent 
or more of the stand. Constancy per cent is an indication of the occurrence 
of the species at the stations on a basis of the minimal area j)l()ts. Fi*om tlie 
table it is seen that 12 species are dominant or codominant at various stations 
in the cove hardwood forest. The two alliances are iiot distinguished by the 
presence or absence, but by relative importance of species. The most frecjuent 
dominants of the Aesculion are Aesculus ociandra dominant at 10 stations, 
Tilia nrglecta at 9 stations, aiid Haccharodendron barbaium at 8 stations. 
The most frecpient dominants of the Tsugion are Tsuga canadensis at 12 sta¬ 
tions and Liriodendron tulipifera at.9 stations. Twenty additicmal species 
are associates of the dominants, and do not attain sufficient coverage at any 
station to be classified as even a codominant. Tsxiga canadensis, Ih fnla alle- 
gheniensis, Aesculus octandra, Halesia monticola, Tilia ncglecia, Saccharo- 
dendron harbatum, and Fagus grandifolia have a constancy of clas^ V, being 
present in the sample plots of more than 80 per cent of all the stands. 

Shrubs and woody vines were sampled in the same plots employed for 
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TABLE 2. Trees of the cove hardwood foresis of the Great Smol'i^ AJouniains found 
on sample plot siudies of the Aeseuhon and Tsugwn. 

All genora vvoro in tin* Soutlieasterii Stat(*H in Pre-Pleistocene except those marked hy 
an asterisk: 



Aeseulion (18) 

Tsujyion (13) 

Cove 

Hard¬ 

woods 

Stations 

Pr(*sent 

Stations 
dominant 
or co¬ 
dominant 

Stations 

Present 

Stations 
dominant 
or co¬ 
dominant 

(^>nstaiic\ 

Tsujja canadeiisis 

i() 

4 

13 

12 

93.5 

Betula allej^heniensis 

H> 

3 

10 

0 

87.1 

Aesculns octandra 

Hi 

10 

11 

0 

87.1 

llalesia monticola 

14 

3 

13 

3 

87.1 

3’ilia neglect a 

Hi 

!> 

10 

1 

83.9 

Saccharodendron Ijarhatnni 

15 

H 

10 

0 

80.0 

Pagus ^randifolia 

14 

•> 

11 

4 

80.0 

Fraximns americana 

10 

1 

9 

0 

01.3 

Liriodendron tulii)ifera 

5 

1 

9 

9 

45.2 

Padus vir^finiana 

7 

1 

*) 

0 

29.0 

(^astanea d<‘ntata 

3 

1 

3 

1 

19.3 

Picea. ruhens 

1 

0 

1 

1 

0.4 

Magnolia Fraseri 

3 


12 


48.4 

Kufacer ruhrnm 

3 


10 


41.9 

Acer peijnsNIvanicum 

() 




38.7 

*Tnlipastriim acuniinatinn 

0 




30 i) 

Jlicona cordit'ornns 

0 


o 


25!8 

Amelancliier laevis , 

3 


"> 


i 25.8 

Acer Hi»icatmn 

(> 


o 


1 25.8 

Hex opaca 

0 

1 1 


0 


1 19.3 

(^lUM'cus maxima 

! 4 1 

1 

1 


1 10.1 

S\ida allm-nifolia 

1 

j 1 

1 “ 


' 10.1 

iJetnla Imita 

' 0 


' 5 


10.1 

llamamelis \ ir^iniana 

1 


o 

! 

9.7 

Wallia cinerea 

o 


0 


1 0.4 

Ih'x monticola 

0 


J 


j 0.4 

Aralia spinosa 

0 


o 


0.4 

(’vnoxylon Horidnm 

' 1 

1 

0 


3.2 

(Uadrastis liitea 

1 “ 


1 


3.2 

*()xydendrimi arbormim 

I 0 


1 


3.2 

Qnercus montana 

0 


1 


3.2 

*Rol)inia pseudoacacia 

i 


1 


3.2 

Total nuinlior of spi'cies 






sampled 

24 


j 30 


32 

Total numher of jrenera 






sampled 

21 


j 2(1 


28 

Total Tertiary j^enera sam 






pled 

19 


oo 


-•1 

l*er cent 4 ?enera sam])led that 






are as old as the Tertiary 

90.5 

1 

H4.() 

i 

j 85.7 


tlie herbaceous Jayer. Ten stations were studied during* the sprint' flowering* 
season, and nine additional stations were examined durinjr the summer. 
These stations were taken mostly from the Aeseulion. Table 3 sliows that 
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TABLE 3. Shrubs and woody vines of the Great Smoky Mountains found on sample 
plot studies of the cove hardwoods. 

Those indicated by an asterisk are not known from tlic Southeastern States as Pre- 
Pleistocene fossils, but undoubtedly were there during the Tertiary, as shown by modern 
areas. 



Vernal aspect 
(10 stations ' 

Aestival aspect 
(9 stations) 

Constancy 

% 

Frecpiency 

% 

Constancy 

% 

Frequency 

% 

*Kubus canadensis 

50 ' 

12 

89 

18 

Euonvmus obovatns 

40 

21 

1 44 

23 

*Partlien<)ci88US quinquefolia 

10 

1 

55 

17 

Viburnum lantanoides 

10 

1 

33 

9 

Aristolochia macrophylla 

30 

! 5 

11 

2 

Smilax hisjiida 



33 

3 

Euonymus ainericaiius 

10 

6 

oo 

12 

Hydrangea arboreseens 

10 

1 

22 

1 

Pyrularia pubera 

10 

1 

n 

i 1 

*Sambueus pubens 

20 

o 



Vitis aestivale 



11 

1 

Rubus nigrobaccus 



11 1 

1 

Groasularia Cynoabati 

10 

1 




altogether, nine shrubs and four woody vines were found on the plots. These 
plants are never of very great importanee (with respect to frequency', con¬ 
stancy, coverage, or density) in the cove hardwood forest tyi>e (‘oinidex, 
except locally. 

In studying the herbaceous layer, the Pteridophytes were sampled at the 
same time as the flowering herbs, but it was useful to separate them in ])re- 
senting the results. Table 4 gives the data for the Pteridophytes. Oidy 
Dryopteris hiiermedia^ Aihyrium thrlypieroides, and Polystkdinm acros- 
tivhoides were of sufficient constancy or frequency to be of much signifi(*ance. 

Table 5 lists all the flowering herbs encountered in the quadrat studies. 
They are grouped according to the constancy class to whicdi they attain in 
either the vernal or the aestival aspect. For example, Alsine fnujcs.^ecnsts 
(conspicuously the most ubiquitous herbaceous sjiecies of the cove hardwood 
forest complex), Tiarella cordifolia, Asier acuminatus, and Aneinopc quin- 
quefol'ia have a class V constancy in both aspects. Eryihronium amvricanum, 
Dcntaria diphylla, and Viola sororia reach class V in the spring flora, but 
not in the summer samples. The remaining species had a class V constancy 
only in the summer plots: Urtieastrum divarimfuniy Viola hlanda, Solidago 
Curtisvi, Eupaiorinm urticaefolium, and Nabaliis. Such contrasts as are 
apparent between the vernal and the aestival samples are not all due to 
aspect, but are largely attributable to the heterogeneity of the lierbaceous 
layer from station to station. Certain species of the spring flora, however, are 
usually absent from the summer stage, having completed their life-cycles 
by the time the full (*anopy of the forest has developed. Tn this group can 
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be mentioned Eryfhronium americanum, Bicucnlla canadensis^ Bicuculla 
cucuUaria, Claytonia viryhiica, Phacelia fimhriafa, and Panax irifolium. 
Species that are in(*onspi(*uous or have scarcely started their development 
in the sprin<»:, and wliich are of’ importance in the summer flora because of 
their hijudi coverage, include such plants as Enpatoriuni nrticaefolinnu Aster 
actaninafns, Jlrlicasirum divaricatnm, Bolidago Curfisii, Monarda didyma, 
Tmpafiens pallida, etc. 

'TAHLE 4. Ptrndoplnpfs of fha Grrat Smol'tf Mounlants found on sample plot 
si Ildu s of the rove hardwoods. 

(inuMjj marked by an asterisk are not known from tlie Soiitljeastem States as Pre- 
Pleistoeene fossils, but from tlieir modern areas tliey were iiudoiilitedly in the re^ifioii dur¬ 
ing th(‘ T(*rtiary: 



Vernal aspi'ct 

A(‘Htival aspect 


(10 stations) 

(9 stations) 


(knistaiiev 

Fiaaiueiiev 

Constancy 

Frecpiencv 


% 

7o 

% 

% 

Dn oi>t(*iis intermedia 

90 

30 

89 

77 

Atb\ rlum tlH‘lvi»ter(ndes 

00 

20 

100 

45 

Polystielimn acrestiehoides 

50 

10 

78 

15 

Iiotr^eliinm \irginiaiium 

40 

5 

44 

10 

liVeopedium lu('idnliim 

40 

0 

33 

13 

1 )rvo])teris novel)oi aceiisi* 

10 

0 

55 

32 

Htot rycbiimi dissect am 

10 

1 

33 

5 

‘Cyst(»]>teris fiagilis 

20 

11 

‘’2 

4 

Atliyrium asplenioicb's 


1 

22 

5 

'Hotryebiiim obrajiium 

1 20 

1 



J)iyo]»tei is hexagoiioptera 

1(» 

5 

; n 

10 

Atliynum i>yeiioearpoii 



! 11 

3 

OsmiMida ciaiiamoim'a 



11 

t) 

I)ry(»ptt*ris margiiia lis 

! 


n 

o 

Dryopteris dilatata 

1 i 

i 


i 


The ])laiits of the preceding tables are the oties that are considered later 
in the devel()i)meni of the thesis that the cove hardwood forest is an ancient 
fort'st of essentially Tertiary (diaracter. l>ry()]>hytic communities of the soil, 
tree trunks, etc., are not considered at this time. Any otic wishing a more 
complete i)i(*ture of the cove hardwood forests will find a discussion of the 
bryophytic communities by ('ain and fSharp (1938). 

THE TERTIARY CHARACTER OF THE (’OVE HARDWOOD FOREST 

The method of ascertaining the ancient origin of most of the genera of 
the cove hardwood forest has already been discussed in the introduction. 
At this point, however, it is necessary to exi)lain why generic units are used 
rather than species. In a study of Pleistocene plants of the Wicomico, 
Chowan, and Pamlico stages from North Carolina, Berry (1925b) found 
that none was foreign to the region as a whole, although several no longer 
exist at the localities where the fossils were found. Furthermore, only about 
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TABLE 5. Species of the herbaceous siralum of the cove hardwood forest type com¬ 
plex of the Great Smohy Mountams National Park as observed from sample plot studies 
at 19 stations in the virgin forest. 

The verufil and aestival studies were made at different stations, so the diffiTeneos are 
not wholly ones of aspect. Ten 1 sq. m. cpiadrats were used at each of the vernal stations; 
10 (i sq.m, quadrats were used at each of the aestival stations. The species indicated by an 
asterisk are members of genera for which no evidence of their Tertiary nature is at hand. 
Nomenclature follows Rmall (1933). 

Species are arranged according 
to th(‘ constancy classes to 
Avhicli they attain 

Vernal flora 

Con s ta nc V P rec} u enc y 

% ‘ % 

Aestival flora 

Constancy Frecpieiicy 

% ■ % 

CJasx r (SI-100%) 


! 



Alsine tennesseensis 

100 

99 

100 

, 100 

Arythronium americanum 

100 

75 



Tiarella cordifolia 

100 

73 

89 


Aster acuminatus 

100 

61 

100 

! 81 

Lentaria diphylla 

90 

55 

33 

1 5 

Anemom* quinquefolia 

90 

54 

100 

38 

Viola sororia i 

90 

30 

78 

53 

Urticastrum divaricatum ! 

70 

34 

100 

78 

Viola bland a 

80 

59 

100 

72 

Solidago Curtisii 

70 

39 ' 

100 

02 

Eu])atorium urticaefolium 

30 

21 

89 

05 

Nabalus sp. 

00 

10 

89 

33 

Clasx IV (<i1-S0%) 





Bicuculln canadensis 

80 

41 



Viola hastata 

80 

35 

11 

8 

l*aiiax trifoliiiiri 

80 

35 



Mitchella repens 

80 

24 

I 07 

37 

Uaulo])hyllum thalictroides 

80 

10 

78 

25 

(Uaytonia virginica 

70 

01 



Trillium erectuni var. album 

70 

27 1 

: 55 

' 12 

(^imit ifuga americana 

00 

49 

1 55 

17 

Oxalis montana 

50 

22 

' (>7 

i 

Ra 11 uncu 1 us rec urva tus 

40 

20 

07 

1 oo 

*Monarda didvina 

30 

12 

07 

12 

Polygonatum biflorum 

40 

1 

07 

10 

Class ITT {41-60%) 





Impatiens pallida 

00 

20 

55 

32 

Poa cuspidata 

00 

21 

33 

14 

Osmorrhiza Claytoni 

0 (» 

10 

55 


Viola canadensis 

.50 

13 

11 

4 

Viola rostrata 

50 

12 

11 

1 

(Jaliuin triHorum 



55 

29 

Disporum laiiuginosuni 

30 

9 

55 

23 

Carex flexuosa 

1 


55 

' 13 

Carex ])lantaginea 

30 1 

5 

55 

11 

*Rudbeckia laciniata 

30 i 

12 

44 

20 

llepatica acuta 

i 30 

0 

44 

17 

To vara virgin! an a 



44 

12 

* Tly d ropUyl 1 uin can a dense 

30 

3 

44 

i 

^Medeola virginiaiia 

10 

O j 

44 

5 

Class II {^41-40%) 





* Phlox stolon if era 

40 

15 : 

33 

1 OJ) 

*VaIidallium tricoccum 

40 

11 

33 

To 

Vcratruin viride 

30 

18 



Arisaema ({uinatum 

30 

14 

33 

9 

Carex austro-caroliniana 

30 

11 

22 

3 

Podophyllum jieltatum 

30 

10 

i 
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TAJHjE 5. (ContituKfl) 




Vernal flora 

A estival flora 

•S]>(‘i*it*s me arrmi^ed affording 





to the coilHtalieV chiHses to 

NAliicli th(*v attain 

Coimtaiicv 

Frequency 

Constancy 

Frecpu'ucv 


% 

% 

% 

% 

Craliiiiii circaezans 

•M) 

7 



*Neniatiuiii iiiiihelliilatum 

30 

3 

11 

1 

Cusciita s|). 



33 

4 

Arisaenia trijdiylliim 

10 

3 

33 

4 

Viola rot undifolia 

20 

S 

33 

3 

*Cliros]KMiiia luuscaetoxiciim 



oo 

13 

Sediiiii teriiatuni 

10 

3 

o»> 

10 

Cryptotaenia canadcnisis 



oo 

9 

*Adic<‘a ]»ninila 



oo 

8 

*Sviidesinon thalictroides 




5 

Viola eriocarpa 




4 

*Cann>anulastrniu anieiicannin 



oo 

3. 

(ieiiin canadense 



oo 

2 

IVraiiiinin opliioides 



oo 

2 

Vagneia raciMiiosa 

20 

3 

22 

i) 

('L.iSS ! 





*l*liacelia tiinhriata 

20 

U 



Viola pallens 

20 

0 



Viola ciicullata 

2 (» 

H 



AIit»‘lla di]diylla 

20 

0 

11 

3 

(leraiijuiu nia<Milatuin 

20 

() 

11 

o 

^Zizia Heldni 

20 

4 

11 

9 

Liliuin sn]>eiliuin 

20 

2 



.1 uncoides hulltosuni 

20 

2 



Carex ]»rasiMa 

20 

»> 

11 

3 

"J’rilliiiiti grandiflornin 

10 

10 

11 

o 

Actt*a a!ha 

10 

(> 



lfamniculu*» t'aSicilians 

10 

4 



Aliciantlies nncranthnlit'olia 

10 

4 



^(Vnioplii lliis Fraseri 

10 

»> 

11 ; 

3 

.1 nncoides saltuense 

10 

3 



(ialiiiin apaiiin* 

10 

‘J 



Diphylleia cyniosa 

10 




Ranunculus abortivus 

10 

1 

: ’ 


^(NiHiiisonia canadensis 

10 

1 



(’ircaea latifolia 

10 

1 



‘‘TIeucuera aiiiei icana 

\i) 

1 

: 11 

1 

liu'uculla cuciillaria 

10 

1 



Senecio Rugidii 

10 ^ 

1 

• 


(Mintoiiia borealis 


1 j 



(Jlycine Apios 



: 11 

1 H 

’*'l\*i(*nidia integei riiiia 



; 11 

1 il 

*Hle]diilia hirsuta 



11 

3 

J^olidag(» axillaris 



11 

T) 

IlNstrix Hystrix 



11 

:i 

*IIoustonia ])urj)urea 



11 

3 

Aleiboinia niiditlora 



11 

o 

Alonotrojia nniflora 



11 

' 1 

.1 uncus tenuis 



n 

1 1 

Thalictruiii dioicuni 



11 

3 

CVirex pennsylvanica 



11 i 

3 

Paiiicnin sp. 


i 

1 11 

1 

(^arex stidlata 



11 

1 

Asclepias exaltata 

1 


11 

1 

Lysimaeliia quadrifolia 

1 

1 


11 

1 
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four per cent of the species are now extinct (a Quercns and a Dcudrium). 
The remainder of the flora seems nnchaii«’ed and includes such dry habitat 
jdaiits as Hicoria glabra, Qaercvs prinua, Q, veluima, Celtis occidcnfalis, 
and Vaceininm (Batodendron) arhoreum. Most of the plants arc character¬ 
istic of moist to wet habitats and include Tasod ’mm distich am, Hicoria 
aqaatica, Quercns palustris, Q. Michauxii, Plancra aquafica, and Nyssa 
hijiora. The j*eiieral practice of paleobotanists seems to be to consider Pleisto¬ 
cene fossils as conspccific with existing: forms unless the weight of evidence 
is to the contrary. With older fossils, however, the opposite practice is the 
rule. One method that is very hel])ful in understanding the characteristics 
of a fossil flora is to indicate the nearest living relatives of the extinct forms. 
This can be illustrated by the following Miocene list from Berry (1916b), 
table 6. As far back as tlie Eocene, there was considerable resemblance 

TABLE 0. A comparison of species from. Die midiUc Miocene Calvert flitra of Virpinia 
and their closest livinfj relatives. {From Jierrp 1016h). 


From tho Ujilvcrt flora 


Salviniji formosa 
Pin us sp. 

Taxodiiim dubium 
(ijucrcus calvortoneiisia 
Carpinns graiidia 
XTlmiis basicordata 
Platanus aceroides 
(Cassia toraformis 


(’losost Jiving r(’lati\c 


Sn Ivin in nntans 
Finns taeda 
Taxodium disticlnnn 
C^uorcMis all)a 
(^•lr]>inus (*aroliniana 
rinius alata 
Platanus ocridontalis 
C\Mssia Tora 


between fossil species and modern ones. In the Wih'ox flora (Berry 1930) 
Ccrcis wilcoxiana is very (dose to C. canadensis, and Diospyros wdcoxiana 
resenddes I). Virginiana. In the u])p(U’ Eocene of the (daiborne and flack- 
son floras there are also examples of striking similarity between fossil and 
modern species (Berry 1924). Such pairs imdude Hicoria jacksoniana and 
H. pecan, Casianea claibornensis and (J. dentata, and Tilia jacksoniana and 
T. amcricana. It is doubtful whether any species exist now that are very close 
to the Cretaceous floras. Certainly conspccific identity of types should be 
accepted only with great hesitancy, although many generic sections were 
established in the Cretaceous. It is apparent, then, that one (*onl(l not get 
very far in pi*oving the Tertiary nature of the modern flora of the Smokies 
by dealing with sj)ecies. 

On a basis of moch^rn areas it would be possible to indicate that many 
of the cove hardwood species are of ancient origin. For example, in Europe 
and in eastern North America respectively there are many pairs of very 
closely related species such as Oxalis Acetosella and 0. montana. Poly- 
podium vulgarc and P. virginianum, Hcpatica triloba and H, amcricana, 
that have diverged only slightly. Between plants of eastern Asia and eastern 
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America for whieh <»e()<»Taphie disjunction has been of lon^ standinjjt, there 
are some identities, and a striking series of very closely related pairs of 
species, such as CaulophyUum rohnslum and C. tJuilictroidrs, Liriodendron 
chhwnsc (=7>. iulipifcra A^ar. chinensc Hemsl.) and L. ixdipifera, etc. In 
other cases tliere is not a single pair of species, but a small fi^roup of closely 
related ones: Pijrularia puhvra is represejited by two sjiecies in the Hima¬ 
layas, and Buckle if a distichophifUa (a semi-parasite on Tsuf/a) by three 
species in China and Japan. ()ji this basis, however, it would not be possible 
to treat all the species of the cove hardwood forests because such close rela¬ 
tives are frequently absent. 

Anotlier difficulty, and a very serious one, with the method of <i*eojzTaphic 
distribution apjdied to s])ecies lies in the necessity of critically examining: 
j)ub]ished accounts and hei'barium spe(dmens trom a taxonomic ])oint of 
view. Such a procedui*e is ])eyojid the s(*ope of tliis ])a]>er. It seems sufficient 
to treat only of <>enera. 

The study of the cove hardwood for(*sls has b(‘en siipydemented in one 
respect. Inrormation has been brougiht together concerningi' the total arbores¬ 
cent flora of the Park. The grenera native withiji the Park are listed in table 
7, tofi'ether with their fossil record in the soutlieastern states. This table also 
indicates those <»en(*ra that were ])robably in the same rejiion during' the 
Tertiary, as shown by their modern areas explained above. Of the 67 {gen¬ 
era, 36 are known from Crota(*eous deposits of the southeastern states, 23 
from tlie Eocene, ]4 from the Miocene, and 10 from the Pliocene. From the 
whole Tertiary, there are records of 31 of these ‘zenera. Oenera known l’i*om 
the (h’etaceous of the region, but not discovered as yet in the Tertiary, were 
nevertheless probably still in the rc<>ion during* the Tertiary. These include 
Sfrobus, Picea, Abies, Sabmu, Populus, Liriodeudrou, Mains, Amelauehier, 
Craiaefjus, Acer, Bufacer, Sassafras, Hcuzoin, Cyuaxiflou, Kahuia, and 
Viburnum. Altojzether, the fossil records shoAv that 46 jzenera of th(‘ arbores¬ 
cent flora of the Smokies were in the southeastern states in Pre-Pleisto(*ene 
tlm(‘. 

Table 8 summarizes the data of table 7, and, accordinjz’ to the jzeneric 
treatment of Small, it is seeji that a total of 62 jzenera (93 ])er cent) date 
back to the Tertiary in this rejzion. If the more conservative <zeneri(* treat¬ 
ment found in Gray's Manual is used, the total of Tertiary fzenera is 96 per 
cent. Referring: back to table 2, whi(4i summarizes the cove hardAvood trees, 
we find that 90.»5 per cent of the trees of the Aesculion are Tertiary, and that 
84.6 per cent of those of the Tsug:ion are likewise that old. It is of sjiecial 
interest that all the trees that are dominant or codominant belong: to genera 
that are of Tertiary character. 

The summary for the floAvering: herbs (table 9) is e.specially interesting:. 
Those species which have the hig'hest constancy (Class V) are entirely of 
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TABLE 7. ArhorcHCPnl genera of the Great Smoky Mountains National Park, and 
their known occurrcnee as fossils in the southeastern United States during Cretaceous and 
Tertiary limes. 


Gonera 


Piuus I 

Stro})Us (Piiius) I 

Pi(*t"a 
Tsuga 
A })ies 

Sabina (Jiini])eriis) 

Wallia (Juglaiis) i 

Hieoria (Carya) | 

Popnlus I 

Salix 

Oarpinus I 

Ostrya 

Bet 111 a 

Alans , 

Pagus I 

(Jastanoa * 

Quereiis 

Morns 

TTlmus 

Celt is I 

Asimina ; 

Tiilipastrum (Magnolia) I 

Magnolia I 

Tjiriodondroii i 

Haniamolis 

Licinidanibar 

iMataiins 

Sorbns (Pyrns) 

Mains 

Anielaiu'hier 

(b-ataegns ' 

Pnmns j 

Padus (Prunns) I 

(\‘r(‘is I 

(ileditsia 

C'ladrastis 

Robinia 

Rluis 

Tlox 

Stajdiylea 

Aesenlus 

Acer 

Saceliarodendron (Acer) 
Rnfaeer (Acer) 

Negundo (^c<‘r) , 

Rhamnus ! 

Tilia I 

Malacliodondron (Stnartia) , 
Sassafras 

Benzoin j 

Ny ssa j 

Svida (Cornns) i 

Oynoxylon ((/ornus) 


Cro* 

taccons 

Tertiary 

Pleisto¬ 

cene 

Pre-Pleistocene 

Eo- 

Mio- 

Plio- 

as indicated by 
modern areas 


cene 

cene 

cene 



X 


X 

X 

X 

X 

X 




X 

X n)H3) 

X 




X 

X 






X 

X 





X 

X 




X 

X (Small, 193:1) 

X 

X 



X 

X (Small, 1933) 


X 


X 

X 

X (Berry, 1923) 

X 




X 

X 

X 

X 

X 


X 

X 



X 


X 

X 





X 

X 

X 



X 

X 

X 





X 

X 

X 



X 

X 

X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 





X 

X 



X 


X 

\ 

X 

X 



X 

\ 


X 



X 


X 

X 



X 

v 

X 




X 

\ (Small. 1933) 






! ^ 


X 



X 

' X 

X 

X 

X 

X 


X 

i 

X (Small, 1933) 

X (Small, 1933) 

X 

j 



X 

X 

X 




X 

X 

X 

X 


X 

X 

X 


i 




X (Small, 1933) 


X 



X 

X 


X 



X 

X 


X 



X 

X 

1 

X 


X 



1 ^ 

X 

X 

X 

X 

X 

X 






X 






X (Pax, 1928) 

X 




X 

X (Pax, 1920) 





X 

(Pax, 1926) 

X 




X 

X (Pax, 1926) 

X 

X 




X (Pax, 1926) 

X 

X 

X 



X 


X 



X 

X 






X 

X 





X (Small, 1933) 

X 




X 

X 

X 

X 

X 


X 

X 

X 

X 



X 


X 
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TABLE 7 (Contmucd). 


(fcnera 

Cre¬ 

taceous 

Tertiary 

Pleisto¬ 

cene 

Pre-Pleistocene 
as indicated by 
modern areas 

Eo¬ 

cene 

Mio¬ 

cene 

Plio¬ 

cene 

Aralia 

X 

X 




X 

(Met lira 





X 

X 

Uhododendron 






X 

Kalmia 

X 





X 

(4xvdendrum 







Pi eris (And romedji) 

X 


X 



X (Small, 1933) 

Batodendron (V’accinium) 





X 


Cyanococcus (Vaccininm) 

i 


X 


X 

X 

Diospyros 

! 

X 

X 



X 

Ilalesia 






X 

Fraxinus 

i X 

X 

X 

X 

X 

X 

(Miionanthus 

1 





\ 

Fatalpa 

1 





X 

Viburnum 

i 




X 

X 

'fotal geiHM'a 



1 

1 




07 

30 

23 

, 1-1 

10 


39 


TIh* iccords iiu'orporjjted in the nbovc taldn w(‘r(‘ obtaiiuHl from tlic following publi* 
<'at ions. 

(^K,KT\('lOl S- lioiTV n<n4 1919. 19Ln. 19 l> 3 I92r>-1 19.‘Uh Kiinwlton (1919). 

JOocFNh: Bciry (1924, 1930), Knowlton (J919). 

Mkx’KNI : liorry (1923, 191(ia, J91()l>), Knoulton (1919). 

J»lio('1*:ni, : Berry (1923), Knowlton (1919). 

JM-ETSTociAK: B(‘rry (1923, 19231)), IIollk*k (1900), Knowlton (1919). 

Mookrx Aki:\s: From Dalla Torre and TTanns (1900-1907) unless otherwise indicated; 
Bailey (1933), Berry (1923), t»a.\ (1920, 1928), Small (1933). 

Tertiary diaracder. lii the vernal aspeet all the species that are over 40 per 
e(‘iit constant belong to genera that were ])resent in the region during the 
Tertiary. The most striking feature of the table, liowever, seems to be the 

3’ \B1A‘] 8. (ivoJiHUCdl sliiius of thf arbonscf nl ff( iirra of the (ircat Smal l/ Mountain 
at ion at JUirl. 


Known fiom tlic (3’ctaccons of tlic 
Soutln*ast(‘rn States 
Known from tlio 3\‘rtiary of tlic 
Sontlicastern States 
Known from Pre-Pleistoeene of the 
Sontlieastern States 
Known from the Pleistocene of the 
Soutlnsistern States 
Pre*Pl(‘istocene, as indicated by mod¬ 
ern g(‘n(*rie areas 

Total undoubtedly in the Southeastern 
States during 3\*rtiary 


07 gmiera, according 
to Small (1933) 

59 gemu'a, according 
to dray (1907) 

No. 

% 

No. 

% 

30 

54 

32 

54 

31 

10 

31 

53 

40 

09 

42 

71 

43 

04 

39 

00 

59 

I 88 

55 

93 

62 

93 

57 

90 
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TABLE 9. The Tertiary character of the herbaceous stratum of the cove hardwood 
forest types of the Great Smoky Mountains National Parle. Pteridophytes excluded. 


Constancy classes 
of the species 
(% of stands) 


V (81-100%) 
IV (61- 80%) 
III (41- 60%) 
IT (21- 40%) 
J ( 1- 20%) 


Vernal aspect 
(10 stations) 

Aestival aspect 
(9 stations) 

Total 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

7 

100 

9 

100 

11 

100 

7 

100 

6 

83 

12 

92 

4 

100 

10 

70 

12 

75 

8 

62 

15 

60 

1 19 

63 

21 

76 j 

20 

70 

34 

76 


Total number of genera = 76. 
Total number of species = 98. 


increase of the Tertiary percentage with an increase of constancy through 
classes II, III, IV, and V. This may be a coincidence, or it may indi(fate that 
the species of the more ancient genera are more thoroughly entrenched in 
these virgin communities than are the species of American endemic g(mera. 

Finally, table 10 brings together the results for all the groups discnissed. 


TABLE 10. Summary: Tertiary genera of the cove hardwood fore,Ht types of the 
Great Smoky Mountains National Park, based on sample plot studies at 81 stations m 
the Virgin forest. Data based on SmnlVs (1988) nomenclature. 


(’’lasaification 

Ameri' 

can 

endemic 

genera 

Genera known 
from Pre- 
Pleistocene in 
Southeastern 
United States 

Presumptive 
Tertiary 
geiK'ra from 
modern 
areas only 

Total 

genera 

Per cent 
of 

Tertia ry 
genera 

Trees 

All trees of the park 

5 

1 

59 , 

3 

67 

93 

Cove Hardwood species 






sampled 

3 

20 

5 

28 1 

89 

Shrubs 






and woody vines 

0 

7 

3 


109 

Herbs 






Ferns 

0 

4 

3 

7 i 

i 100 

Flowers 

19 


54 

76 

1 

Totals 





1 

Cove Hardwoods only 

j 23 

j . 33 

65 

121 

1 8]a 


“Using Gray^s Manual names, the following higher ]>erceiitages for Tertiary genera 
are obtained; All trees, 96; cove hardwood trees, 91; shrulKS and woody vines, 100; ferns, 
100 ; flowering lierbs, 80; all cove hardwood genera, 86. 

Using Small’s generic designations, 93 per cent of all the arborescent genera 
of the Park undoubtedly go back to the Tertiary. For the cove hardwoods 
alone, we have the following results; 86 per cent of the tree genera, 100 per 
cent of the shrubs and woody vines, 100 per cent of the ferns, aiuL75 per 
cent of the flowering herbs are Tertiary. Of the 121 genera of all life-forms, 
81 per cent are Tertiary. If Gray’s Manual genera are used instead of 
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Small’s, the Tertiary ])er(*ontafres are eoiisisteiitly higher, as indicated at the 
bottom of table 10. The penteiitage of endemism is conspicuously higher in 
the flowering herbs than in any otlier life-form. 

It is not necessary to conclude that all American endemics not known 
from Cretaceous or Tertiary fossils are of recent origin. It is simply that 
there arc* no good means of as(‘ertaining when these stocks arose. 

The following paragra])hs present more details concerning the geo- 
graj)hic distributions of the gej)era under discussion. The following genera 
of trees have modern areas with a major disjunction, being present in east¬ 
ern North Americ'a and Asia, and absent from Europe: T.sw/c/r/, Hicoria, 
Magnolia, Liriodendron, Hamanulis, Liquidamhar, Glvdiimt, Cladrasfis, 
Saccharodcndron, Sassafras, Hcnzoin, Nyssa, Araha, Paris, TIalcsia, Clno- 
nanihns, and Catalpa. To these 17 genera may be added, without taxonomic 
damage, Malachodcndron, a finely drawn generic segregate of Sfnariia 
(Sfrwartia) which occnirs only in eastern North Ameri(*a and Japan. Also, 
ac'eording to Small, Kahnia consists of six North American s])ecies, but Dal la 
Torre and Harms recognize the genus also in western India. 

A somewhat longer list of genera is typical of the northern hemis])here, 
j)rincipally in temperate regions, and they occur on the continents of Amer¬ 
ica, Europe, and Asia. These genera belong in tin* same general group of 
ancient types as the above, but have not suffered as great a terrestrial dis¬ 
junction. Imdiided here ai*(* Strobns, Pinas, Picra, Ahtrs, Popuhis, Salix, 
Varpinns, Osirya, Bcfnla, Ainas, Fayas, Casfanea, Qarrcas, Moras, Vlmas, 
CcJtis, Platanas, Sorhas, Mains, Aniclancha r, Craiavyas, Pranas, Padas, 
Crrcis, Ritas, Ilex, Slaphylva, Aver, Rafaevr, Ncyando, Rhamnas, Tilia, 
Clfthra, Rhododendron, Vyanococeas, Rtospyros, Fraxinas, Caialpa, and 
Vtbarnam. Again without serious taxonomic damage, to these 39 genera can 
be added Sabtna, an Ameri(*aii segregate of Janiperas, Wallia, an American 
segregate of Jaylans, juid Svtda and Cynoxylon, American segregates of 
Corn as. 

This leaves Astmina, Tahpasfrani, Robinta, Oxydendram, and Rafoden- 
dron as American endemics. Of these, Asiniina is known from the Eocene 
and Pleistocene of the southeastern United States, Robinia from the Miocene 
elsewhere, and Baiodendron from the Pleistocene of the southeastern 
United States. 

A survey of the herbac(‘ous flowering-plant genera shows the following 
to have the typical American-Asian disjunction, being absent from Europe, 
and frerpiently from we.stern Asia and we.stern America: Tiarella, Friieas- 
tram, Bicacalla, Panax, Mitchclia, Caalo]>hyllam, Claytonla. Trilliani, 
Osniorrhiza, Disporani, Tovara, Arisaema, Podophyllam, Vaynera, Mifclla, 
Diphyllcia, Clinfonia, Glycine, Hysirix, Meiboniia, and Monotropa. 

To these 21 genera can be added 36 more that have a circumboreal distri- 
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bntioji which was undoubtedly attained in Pre-Pleistocene time: Alsinc^ 
Eryfhronium, Aster, Deniaria, Aneynone, Viola, Solidago, Eupaiorinm, 
Nabalus, Cimicifuga, Oxalts, Raminculus, Polygonatum, Impatiens, Poa, 
Galium, Carex, Ilvpatica, Veratrum, Cusciita, Sedum, Cryptotaenia, Oeum, 
Peraniium, Geranium, Lilium, Juncoides, AcAca, Micranihes, Circaea, Sene- 
do, Juncus, Thalicfrum, Panicum, Asclepias, and Lysimackia. 

According* to the information at hand, the followirif? 19 j^enera are Amer¬ 
ican endemics, not having either the trans-Atlantic or the trans-Pacific dis¬ 
junction: Monarda, Rudbeckia, Hydropliyllum, Medeola, Phlox, Validal- 
lium, Xeniairum, Chrosperma, Adicea, Syndesmon, Campanulastrum, 
Phacrlia, Zizia, Cymophyllus, Collinsonia, Heuchcra, Taemdia, Blephilia, 
and Houstonia. This list is somewhat longer, being based on Small (1933) 
and the recognition of certain segregate genera, than if the genera accepted 
by Dalla Torre and Harms and Uray are used. P\)r example, Validallium is 
a segregate of Allium, Adicea of Pilea, Syndesmon of Anemone, Campanu¬ 
lastrum of Campanula, and Cymophyllus of (Uircx. Furthermore, Phlox is 
strictly Ameri(*an except for one species that extends from Alaska into 
Siberia and may have attained its range relatively ret^ently. 

DISCUSSION 

The so-(*alIed Aretotertiary vegetation is known to have extended from 
(Ireenland over northern Europe to the northern Urals. Tt extended also 
from the middle zone of Asia to Manchuria, Sachalin and northern Japan. 
In Noi’tli America it is known to have occurred from Alaska to the Pacific 
Noi-thwest, and in the Atlantic Northeast. The vegetation of this wide region 
consisted of deciduous, summergreen trees (mesoplnnieroidiytes) with an 
admixture of evergreen conifers. It ])robably required a mean annual tem- 
])erature of about 10° C. The more important genera of the forest include 
Fagus, Casfanea, UJmus, Alnus, Betula, Corylus, Populus, Juglans, Car- 
pinus, Liquidambar, Sequoia, and Ginkgo. Although herbaceous fossils ar(‘ 
almost non-existent, excefit for a few^ aquatics, there are ex(*ellent reasons 
for believing that the deedduous broad-leaved forests had a well d(‘velo})ed 
herbaceous layer very similar to that of today. 

The most illuminating and com])Iete study of this problem is by Lippmaa 
(1938) on the Galcobdolon-Asperula-Asarum-Vnum of Eurofie. This hei*- 
baceous union is composed of plants of the hemicryptophytic and cry])to- 
phytic life-forms and requires relatively strong shade in summer, light in 
springtime during the flowering period, and a mild humus such as is formed 
under deciduous forest. Lippmaa concluded that it was no chance that the 
area of the Galeobdolon-Vmon and its relative societies corresponds so well 
with the area of the temperate Tertiary forests. The herbaceous vegetation 
undoubtedly has had the same history as the meso])hanerophytes, ex(*ept that 
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ill Eurojie llie ti*ee ve<»:etation suffered more than the herbs durinj^* the glacial 
period. The area of tlie OalcfrhdolothVmim and its counterjiarts must liave 
been as wid(‘ in the Tertiary as that of the forest formation with which it is 
associated. 

Lippmaa makes use of detailed analyses of tlie taxonomic relationshijis 
of the character and constant species of the (iaJcobdolon-Vmon, and of th(‘ir 
j)resent distributional patt(‘rns. lie reached the following’ conclusions: ‘‘All 
character-species and constant-sjiecies of the (hdcobdolon-AspcritUhAsaritm- 
Union are ancient forest plants which are often of an isolated systematic 
position and whose ]‘elativ<‘s dwell all over Eastern Asia, North Ann*rica, 
the Himalayas, and in ])art in the Caucasus and southern Europe. Several 
of the species are reli(‘ plants occurring*: in smaller re<.»‘ions sejiarated from 
the modern main distribution {Asprrula odoraia, Aden np^cafd, Sanicula 
mropacd, i^icllarid hnlsfra, Asanan. ciiropdvuyn, Hromus Boicckoni, Cdnx 
di(jltdt<f). The species of the union already existed in the Tertiary oi* they 
were represented by specnes whi(di today are very closely j’elat(‘d. ... In 
Eastern Asia and North Anieri(*a jilant unions exist which .stand very close 
to the Gd(r(ihdolo)f-Asi)rrdJ(hAnsdnnd-V\\um; floristic'ally, howen’er, the 
s])ecies list is wholly different. Only single widely distributed species such 
as Anaicus sdvesfer occur as floristic' ‘binders.’ On the othei* hand there is 
undoubtedly a very fai‘-reachin^* agreement with I’t'^ard to the elementary 
life-form which is this union’s own. So, for examjile, in all the named unions, 
the Adnuodc lilV-forni plays a very important role {MdjduUu'mum, Atic- 
monv. Pans, DvdtdVHi, Trienfalts, Trdhmn species).” 

Jt seems i-ea.sonahle to (*onclude, from all the evidence that has been 
pivsented, even without data ('oiicerninj*' species, that the virjiin hardivood 
fore.sts of the Oreat Smoky Mountains National Park are the finest example 
of temperate T(*rtiary forests to be found anywhere in the world, exce])t 
])robably in Eastern Asia. This much is certainly true, a botani.st familiar 
with the modern flora of the cove hardwood fore.sts of the Smokies would 
find himself “at home” amonjjr the temperate forests of the Miocene and 
Jatei* Tertiary, could he be transported back in time. The ])rincipal differ¬ 
ence would be in the jirt'sence in the forest of su(*h tenpierate trees as Sequoia 
and Ginkgo, now veiw restricted. 


SUMMARY 

1. An extensive list of species of An<?ios])erms and Pteridophyt(‘s of the 
virj»‘in cove hardw^ood fore.sts of the Great Smoky Mountains National Park 
was obtained from sample plot .studies at 31 .stations. This was .supplement(‘d 
by a complete list of the trees of the Park. 

2. Prom publications on paleobotany it was found that 27 ])er cent of 
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the 121 genera (mostly woody plants) are known as fossils from Cretaceous 
and Tertiary deposits of tlie southeastern states. 

3. In addition to those genera known to have been in the southeastern 
states during Pre-Pleistoeene time, 54 per cent are probably as ancient as 
the middle or late Tertiary as shown by their modern areas. 

4. A break-down of the totals reveals the following percentages of Ter¬ 
tiary genera: 

a. All trees of the Park, 93 per ceiit of 67 genera; 

b. Cove hardwood trees sampled, 86 per cent of 28 genera; 

c. Cove hardwood shrubs sampled, 100 per cent of 10 genera; 

d. Cove hardw^ood ferns sampled, 100 per cent of 7 genera; 

e. Cove hardwood flowering herbs sampled, 75 per cent of 76 genera; 

f. All cove hardwood species sampled, 81 per cent of 121 genera. 

5. Species of most importance in the cove hardwood forests are almost 
ex(*lusively members of genera of ancient origin. The forest dominants are 
exclusively of ancient origin. 

6. Species of Ameri(*an endemic genera are seldom of high constancy, 
frequency, or coverage in the cove hardwood forests. 

7. It is not known whether the Great KSmoky Mountains flora is richer 
ill aiK'ient plant species than other North Temperat(» regions, bec'ause corn- 
jiarable data are not available, but all evidence indicates that the cove hard¬ 
wood forests of the Southern Appalaeliians, which have their maximum 
development in the Smokies, are very similar to tlie rich, inesophytic, and 
once circumboreal Arctotertiary forests. 

The TTniveksity of Tennessee 
Knoxville, Tennessee 
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A POLLEN STUDY OF TWO BOGS ON ORCAS ISLAND, 

OF THE SAN JUAN ISLANDS, WASHINGTON^ 

Henry P. Hansen 

INTRODTTOTION 

The San Juan Islands lie between the mainland of the state of AVashin^x- 
ton and the southern end of Vancoiwor Island, about 75 miles from the 
Pacific Ocean throujrh the Strait of Juan de Fuca. Orcas Island is one of the 
largest and most northern of the jifroup. It is about 11 miles in extent from 
east to west, and about 9 miles from north to south. The hijz’hest p(nnt is 
Mt. Constitution with an elevation of about 2400 feet. The Ran Juan Islands 
were j^laeiated durinj 2 i’ the Pleistocene (Bretz 191J). and the hijiher areas are 
rocky with little soil. Lower areas near sea level are covered with <ilacial drift 
and jrlacio-lacustrine ajid f»lacio-fiuviatile deposits. The climate of the San 
Juan Islands is mild and somewhat drier than that of the Pu<»et Lowland to 
the east and south. The mean annual precipitation at Olji'a, at the southern 
tip of Orcas Island, is about 29.5 inches, and at the north end of East Sound 
it is slij»:htly over 30 inches. {(Uimatic Summary, U. S. 1). A., 1936.) At San 
Juan, on San Juan Island, a few miles to the west and south, the mean 
annual precipitation is about 22.5 inches, while at Anacortes on the mainland 
to the southeast it is about 27 inches. About 15 i)er cent of the ])rccipitation 
occurs durinj»‘ the growinf** season. In some areas the porosity of the soil per¬ 
mits rapid drainage, whereas in others the absence of much soil results in 
rapid run-off. The prevailing winds are from the west. 

LOCATION AND CHARACTERISTIC’S OF THE BOGS 

One of the bogs is located near the summit of Mt. Constitution on the 
northeastern part of the island, while the other is situated near sea level at 
the southern end of the island. There are several bogs on Mt. CVmstitution, 
one of which has been describc^d by Rigg and Richardson (1934). The one of 
this study is several acres in extent and is covered largely with sedge {Carcx 
spp. and Vypcrus sp.) and Labrador tea (Ledum groenlandicum). Other of 
the more common plants are hardhack (Spiraea dougloaii), salal {Gaidtheria 
shallon)y cottongrass (EriopJiorum chamissonia), sundew (Drosera roiundi¬ 
folia), and twinflower (Linnaea borealis arnericdna). Trees on the bog in 
their apparent order of invasion are lodgepole pine (Pinus eontorfa), west¬ 
ern hemlock (Tsuga helerophylla), and Sitka spruce (Picea sitelioisis), the 
first being the most abundant. 

1 Published with the approval of the Monographs Publication Committee, Oregon 
State College, as Research Paper No. 72, School of Science, Department of Botany. 
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The JoAvlancl bojr is situated at the west end of Killebrew Lake, about 
tliree-quarters mile north of (Irindstone Bay, and about 10 miles southwest 
of Mt. (^)nstitution. The lake supports various stajies of hydrarch plant suc- 
eession, ineludinji* submerfiTd, floatinj?, and cattail-bulrush associes. On the 
bojr f»Tow purple marshlocks (Poienfilla jx^hisiris), buckbean (Menyanthes 
trifoliain), spike-rush {Elvocharia acicularis), and Dnlichinm arundin- 
accnm. Many other species of bo^ and marsh plants are i)resent, but those 
mentioned seem to be characteristic of the associes. 

Peat samples were obtained at quarter-meter intervals with a Hiller peat 
borer. The depth of the Mt. (-onstitution boju: is 0 meters in the area of 
samplin*’’, and the Killebrew Lake bojj: is 9.5 meters dee]). A stratum of vol¬ 
canic ash occurs between 7 and 7.5 meters in the montane boji*, and at 7 
meters in the lowland bo<»‘. Ash frajrments are scattered throughout a half¬ 
meter thickness of i>eat, but are most abundatit at these levels. The relative 
strati<ira])hic position of tin* ash layers is similar to that of most peat ])rofiles 
in northern Washington, sujij.restinj»: that the source of the ash was the same 
volcani(* action. Ac(‘ordin<i' to ]i:eolo^ists, the most i)robable soinre is (llacier 
Peak in the Cascades of northern Washinj?ton. 

In the Mt. Constitution bo^^ fibrous ])eat ot'curs close to the bottom under¬ 
lain by only a thin stratum oT sand and silt resting’ directly on bedrock. This 
denotes that the proximity of the orij»inal pond to th(‘ summit of the moun¬ 
tain jirevented the erosion of considerable sand and silt into it, which is 
often the case in Pacific* Northwest bojrs. The presence of pollen in these 
lowest levels, however, indicates that fore.st invasion of adjacent areas bejian 
soon after <»'lacial retr(‘at. The Killebrew Lake bo^’ has a much jireater thick¬ 
ness of silt and clay underlying the or«»anic peat. In })re])aratiou of the |)eat 
for microsco])ic analysis, tin* ])otassium hydrate method was employed. From 
100 to 200 ])ollen <»rains were identified from each horizon. In identification 
of the winded conifer pollen, the size ran^e method was used (Hansen 1941a, 
1941b, 1941c). The tables showinjj: the iiercentafies of conifer pollen and the 
number of non-sij**iiificant ])ollen jirains of herbs, <>Tasses, and decuduous 
trees are omitted because of the unusual scarcity of the latter. Those species 
recorded as 1.5 per cent or less are shown on the diagram as 1 per cent. 

FORESTS OF THE SAN .Il'AN ISLANDS 

The San Juan Islands lie within the hemlock-cedar climax formation of 
the Coast Forest (Weaver & Clements 1938). Certain fac'tors of the environ¬ 
ment, however, are api)arently unfavorable for western liemlock and western 
red cedar {Thuja pUcaia) to thrive as the principal dominants. These islands 
are also within the Humid Transition life area (Piper 1906). Forest type 
maps (1936) show that the San Juan Islands are forested largely with sec¬ 
ond-growth Douglas fir and subalpine and noncommercial tyiies. Mt. Con- 
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stitution is forested chiefly with lodgepole pine {Pimis contorta), with some 
Douglas fir (Pseudotsuga taxifoUa) and western hemlock, and scattered 
specimens of western white pine (Pinus monticola) and lowland white fir 
(Abies grandis). The hills adjacent to the Killebrew Lake bog are forested 
with second-growth Douglas fir, and some hemlock, lowland white fir, west¬ 
ern red cedar, Sitka spruce, and western white pine. The most common 
broadleaf species are largeleaf maple (Acer macrophylhim), red alder 
(Alnus rubra), and (H)ttonwood (Populus trichocarpa). In dry exi)Osed 
areas on the south slopes, Oregon white oak (Quercus garryaria) occurs, 
while the presence of prickly pear (Opvniia fragilis) reflects the dryness 
of the summers. 

In the hemlock-cedar formation of the Puget Lowland of western Wash¬ 
ington, Douglas fir persists as subclimax and the chief dominant because of 
recnrring fire during the past (Manger 1940). Over much of the area desig¬ 
nated as being forested with this association, however, the environment is 
unfavorable for hemlock and cedar. In some of these areas Douglas fir thrives 
as the chief dominant even though fire does not occur. It is suggested that 
the climate is too dry for hemlock to supplant Douglas fir in the course of 
normal, uninterrupted forest succession (Hunger 1940). The east slope of 
the Coast Range and the Willamette Valley of western Oregon are examples 
of such regions. Not only is hemlock practically absent at the j)resent time, 
but pollen profiles from these areas reveal that hemlock has ])Iayed only a 
minor role during all or most of the post-Pleistocene (Hansen 1941a, 1942a). 
Insufficient rainfall is perhaps the main factor inhibiting hemlock from 
superseding Douglas fir, even in the absence of fire, but tlie edaphic and 
topographic conditions may also exercise some control. The annual ])recipi- 
tatioii in the Willamette Valley is greater than in parts of the Puget Sound 
region, where hemlock does replace Douglas fir in normal forest succession. 
The summer precipitation, however, is slightly less and may be the limiting 
factor in preventing hemlock from invading and assuming predominance. 
A lower humidity and greater amount of evaporation during the growing 
season may also be contributing factors. On Orcas Island, then, it seems 
probable that the annual rainfall, which is slightly less than in the Puget 
Sound region, and the dry summers are responsible for the comparative 
absence of hemlock from the forest complex. On the higher parts of the 
island, the rocky terrain is undoubtedly an additional factor instrumental in 
its scarcity. 

POSTGLACIAL FOREST SUCCESSION 

In both areas lodgepole pine was the predominant species when the 
lowest pollen-bearing sediments were deposited. In the montane bog it is 
recorded as 71 per cent (fig. 1), and in the Killebrew Lake bog as 69 per cent 
(fig. 2). The initial postglacial invasion of lodgepole pine in these areas is 
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consistent with that of many other res:ions of the J^acific; Northwest (Hansen 
1938,1939a, 1939b, 1940a, 1940b, 1941a, 1942a). The trend of lodgepole pine 
is very different in the two profiles. In the Mt. Constitution bog, lodgepole 
jiine increases from the bottom to 90 per cent at 8 meters, the highest pro¬ 
portion to which it is recorded in any bog thus far studied. It shows a gen¬ 
eral decrease from this maximum to the surface, fluctuating between 85 per 
cent at 7.25 meters and 44 per cent at 1 meter, its lowest proportion of the 
profile. It then increases to 60 per cent at the top. In the Killebrew Lake 
profile, lodgei)olc pine diminishes sharply from the bottom to only 7 per cent 
at 6.5 meters, and from this horizon upward, it fluctuates between 12 and 4 
per cent. It is recorded as 6 i)er ceut at the surface. Western white i)ine is 
next most abundantly re|)resented, at the bottom and is recorded as 20 and 
15 per cent in the montane and lowland bogs res])ectively (figs. 1, 2). In the 
Puget Lowland of western Washington, white pine was also one of the ])re- 
doniinant pioneer invaders. It diminislies slightly n])vvard from the bottom, 
but it remains generally constant throughout both profiles, fluctuating 
between 12 and 1 per (‘cnt in the montane bog, and 14 and 1 per cent in 
the other, 

Douglas fir also differs in its su(*cessional trends as recorded in the two 
profiles. Ill the Mt. Constitution bog, it is recorded as 3 ])er cent at the bot¬ 
tom, and fluctuates bet^^een this and nothing to 6.5 meters (fig. 1). It is then 
recorded as slowly increasing upward in the ])rotile, reaching its maximum 
[)roportion of 30 ])(‘r cent at 1 meter, and then declining to 15 per cent at 
the top. In the Killebrew bog, Douglas fir is recorded as 7 per cent at the 
lowest level, and then iiicr(‘a.ses sharply to its maximum of 67 per cent at 5 
meters (fig. 2). It shows a slight decline from this horizon to the surface, 
where it is represented b\ 52 ptn* cent of the conifer pollen present. 

In the montane bog, western hemlock exhibits somewhat the same general 
trend as Douglas fir, but it does not reach such high ])roportions as low in 
the profile (fig. 1). Its maximum is 30 jier cent at 2 meters, and it then 
diminishes to 17 per cent at the ujipermo.st level. In the lowland bog, hemlock 
is recorded more abundantly, as is Douglas fir (fig. 2). It increases lower in 
the iirofile and attains ])ro])ortions of 20 per cent at 7.5, 6.5, 4.75, and 3.75 
meters, and then de<*lines and remains constant to the to]) where it is repre¬ 
sented by 14 per cent. This species does not reach higher proportions in the 
Killebrew bog, but it is more consistently re])resented by greater ])roportions 
throughout the ])rofile than in the montane bog. 

Other forest trees record(*d in appreciable proportions ari^ Sitka spruce 
and fir. S])ru(*e is represented more abundantly and consistently in the low¬ 
land bog (figs. 1, 2). Here its greatest proportion is 9 per cent at the bottom; 
in the montane bog it attains 7 per cent at 7 meters. This is consistent, 
because spruce thrives better luhir the ocean than at higher elevations farther 
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inland. Fir pollen is listed under the geniis only, since the iiollen of all 
species except lowland white fir is only sporadically present. The other spe¬ 
cies whose pollen Mas noted are noble fir {Ahivs nohilia)^ silver fir {A, 
aniahUis), and alpine fir (^4. Jasiocarpa). None of these species Mas noted on 
Orcas Island, although they may have existed there in the past. Possible 
sources of their pollen are the other San Juan Islands, Vancouver Island, or 
the Olympic Peninsula, because of the prevailing Masterly Munds. Silver and 
alpine fir are common in the Olympic Mountains, but the occurrence of noble 


Depth in meters 



Fig. 1. Pollen profiles. Ml. Constitution Log. 


fir is not certain. Noble fir M^as reported by Sudworth (1908), but Jones 
(1936) in an extensive study of the flora of the Olympic Peninsula, M^as 
unable to find it. This does not exclude the possibility of its existence in the 
past, and pollen of this sfiecies M^as present in the upper levels of the profiles. 
A pollen study of a bog on the west side of the Olympic Peninsula also 
reveals the presence of noble fir pollen, but not in the uppermost level (Han¬ 
sen 1941d). Fir pollen is more consistently abundant in the KillebrcM^ Lake 
bog, which is logical because lowland white fir thrives best in Iom", damp areas. 
The greatest proportion attained by fir pollen is 16 per cent at 7.25 meters 
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and at the surface in the lowland bo^ (%. 2), whereas in the montane peat 
deposit it reaches a niaxinmm of 11 per cent at 7 meters and is not present 
at all horizoiis 1). Mountain hemlock (Tsnga mertensiana) is sporadi¬ 
cally rcj^resented in both ])rofiles. Pollen of this species may have come from 
Vancouver Island or the Olympic Mountains, althoujyh it also may have 



existe^d in the San duan Islands earlier in post-Plcistocene time. Ih’oadleaf 
trees rei)resented by their polhni are red alder and lar»»*eleaf maple, both of 
which ai-e more abundantly reconled in the Killebrew Lake bo<»*. Sedp:e ])ollen 
increases and yellow ])ondlily imllen diminishes in abundance U])ward in 
both ])rofiles, marking’ the pi*o«»ress of hydrareh ])lant suuceession in the boji'. 

INTEIU’HETATION OF THE FOLLEN l^KOFILES 
The trend of postjihu'ial forest succession in the knvland area of Orcas 
Island, as portrayed by the pollen profiles of the Killebrew Lake bo^, is some¬ 
what similar to that of the Puj»et Sound region (Hansen 19d8, 1940a, 1941a). 
Pollen analyses of peat de])o>5its there reveal that lodjicpole pine was the 
pioneer post«rlacial invader and was rapidly supplanted by Doujilas fir. 
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Western hemlock increased more gradually than Douglas fir, but eventually 
superseded the latter and remained slightly predominant until the advent 
of white man. In areas adjacent to Killebrew Lake, however, hemlock was 
never so abundant as in the Puget Sound region, and Douglas fir has main¬ 
tained a wide degree of predominance since it superseded lodgepole pine. 
This substantiates the theory that the lack of moisture, particularly in dry 
summers, on Orcas Island, has prevented hemlock from reaching ])roportions 
similar to those in the Puget Sound region. The importance of abundant 
moisture for the development of hemlock is further corroborated by its pre¬ 
dominance in post-Pleistoeene forest succession along the Oregon (^oast, 
where the annual precipitation varies from 70 to over 100 inches (Hansen 
1941c). 

On the summit of Mt. Constitution the thin soil mantle has probably been 
as important as moisture in controlling forest succession. In fact the roc'ky 
terrain, causing rapid run-oflF, tends to accentuate the dearth of available 
water for tree growth. Glacial scour left little soil and only a thin layer of 
residual soil has developed since deglaciation. The much greater intolerance 
of lodgepole pine for shade than Douglas fir and hemlock, has been compen¬ 
sated for by the edaphic conditions unfavorable for the latter two species. 
Lodgepole pine has consequently been able to successfully comj)ete with 
These species. That lodgepole pine is able to thrive under eda])hic conditions 
adverse for other species is shown by its pioneer invasion of areas formerly 
covered by Pleistocene glaciers in Washington, .young sand dunes on the 
Oregon Coast, climax bogs, pumice mantles in central Oregon, burns, and 
other edaphically disturbed regions (Hansen 1941c, 1942b, 1942c). 

There is little or no evidence for post-Pleistocene climatic trends in the 
forest succession as portrayed by the pollen profiles. The low proportion of 
hemlock pollen throughout both profiles in itself, however, denote that it has 
been too dry for its development to predominance, such as occurred in the 
Puget Sound region. The rather local representation of the suiTounding 
forests in each respective bog, raises the question as to the size of an area 
that is represented by its tree pollen in a bog. The small size of the island, 
restricting the source of the pollen, may tend to accentuate this degree of 
localization. 

SITMMARY 

Pollen analyses of two peat deposits on Orcas Island, Washington, reveal 
different tfends of post-Pleistocene forest succession in their res])ective 
adjacent areas. In both bogs, lodgepole pine is recorded as having been the 
predominant, pioneer, postglacial invader. In areas surrounding the mon¬ 
tane bog, lodgepole pine maintained predominance throughout the post¬ 
glacial period to the present. The existing forests are composed chiefly of 
lodgepole pine. In areas adjacent to the other bog, near sea level, lodgepole 
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j)ine was early replaced by Doufrlas fir which remained predominant diirinj^ 
the rest of the post-Pleistocene. The San Jiian Islands are located ivithin the 
hemlock-cedar climax, but hemlock neither superseded nor became nearly 
so abundant as Douglas fir durinj^ the postjrlacial. This was probably due to 
the low summer precipitation and the unfavorable edaphic conditions for 
hemlo(‘.k. There is little evidence for climatic trends, and it is probable that 
the ocean has served to maintain an equable climate durinj? postglacial time. 
Oregon State ( 'ollege 
O oRVALLis, Oregon 


Literature Cited 

Bretz, J. IL 1913. (Tlnciation of the Puj'et Hound rogion. Wanli. Gool. Surv. Bull. 8: 1-244. 

Huiunuiry of tlio I'uit(‘d Htates. 193G. W’^estern Washington. U. H. Dept. Agric. 
Washington, D. (\ 

Forest Ty])e Ma]). 193(). State of Washington. N. W. Quarter. I’acifie N. W. Forest & 
Range Fix]). St a. V. S. Dept. Agr. Portland, Oregon. 

Hansen, H. P. 1938. T^ostglaeial forest siieeession and climate in the Puget Sound region. 
Ecology 19: 328-542. 

—- 1939a. Pollen analysis of a bog in northern Idaho. Am. Jour. Bot. 26: 

225—228 

--^ 19391). Polhn analysis of a bog near Sjiokane, Washington. Bull. Torrey 

<3ub 66: 215-220. 

-- -^ 194(la. Paleoecology of tno peat bogs in southwestern Bntisli Polumbia. 

Am. Jour. Hot. 27: 144-149. 

--. 19401). Paleoecology of a montane ])eat <lei>osit at Bonaparte Lake, Wash¬ 
ington. Northw. Sci. 14: 60-69. 

-- 1941a. Ihirther |)ollefi studies of ])ost-Pleistoceii(‘ bogs in tin* Ihigct Low¬ 
land of west(*rn Washington. Bull Torrey (3!ib 68: 13,3—148. 

-. 19411). I*aleo(‘cology of a 7 )eat de})osit in west central Oregon. Am. Jour. 

Bot. 28: 206-212. 

-. 1941c. Paleo<*cology of two ])eat de])os)ts on the Oregon ('oast. Oregon 

State Monograi)hs, Stud. Bot. 3: 1-31. 

--1941 d. P.aleoecology of a bog in the s])ruce-hemlock climax of the OlMn])ic 

Peninsula. Am, Midi. Nat. 25: 290-297. 

- 1942a. A pollen study of lake sediments in the lower Willamette Valley 

of western Oregon. Hull. Torrey (3ub 69: 262-280. 

- UH2b. The intluence of volcanic eruption u])on post Pleistocene for(‘st 

Muc<*es.sion in central Oregon. Am. Jour. Bot. 29: 214-219. 

- 1942c. Post-Mount Mazaina forest succession on the east slo])e of the 

central ('ascades of Oregon. Am. Midi. Nat. 27: 523-534. 

Jones, O. N. 1936. A botanical survey of the 01\m])ie Peninsula. Fniv. Wash. Publ. 6: 
1-286. 

Munger, T. T, 1940. The cycle from Douglas 6r to hemlock. Ecology 21: 451-468. 

Piper, C. V. 1906. F^lora of the State of Washington. Contr. V. S. Nat. Herb. 11: 1-637. 
Bigg, Q-. B. & Richardson, 0. T. 1934. The development of S})hagnum bogs in the San 
Juan Islands. Am. Jour. Bot. 21: 6]0~(»22. 

Sudworth, G. B. 1908. Forest trees of the Pacitic Slope. V. S. De]>t. Agr, 'V\^‘lshington, 

D. C. 

Weaver, J. £. & Olements, F. E. 1938. Plant Ecology. Ne^v A"ork. 



BULLETIN OF THE TOEREY BOTANICAL CLUB 


VOL. 70, No. 3, pp. 244-251 


May, 1943 


PHYTOPHTHORA ROT OF BELLADONNA^ 

John T. Middleton 

INTRODUCTION 

With the increasino: trend toward the cultivation of* pharmaceutical 
crops, a number of interesting plants and their diseases are encountered. 
One of the crops recently brought into cultivation again in southern Cali¬ 
fornia is belladonna, Airopa helladotma L. Of the diseases observexl on this 
host, rot, principally of the root and stem, caused by Phi/fophthora parasitica 
Dustur, is the most important. 

Plantings of belladonna in southern California are confined to small 
plots, usually from 1 to 10 acres; they are generally coastal and are to be 
found growing on a number of different soil types. On the heavy, poorly 
drained soils, root-rot is an important and often limiting factor in growth; 
on the lighter, adequately drained soils, it is rarely observed and is of little 
concern. 

revib:w of literature 

The first record of a root-rot of Afropa belladonna is apparently from 
England, where Barker (1917-1918) reports a Phyfophfhora s]>. to be 
responsible. Westerdijk and van Luijk (1920) later describe a root-rot of 
belladonna in the Netherlands and state that P. eryihroseptica Pethyb. is tlie 
causal agent. Alcock (1926) records the occurrence of a stem-rot and wilt 
of belladonna in Scotland and attributes the trouble to P. crythrosepf ica var. 
atropae Alcock, Tucker (1931) does not consider this varietal segregation 
valid, hoAvever, and states that ‘‘the reasons for separating the Atropa strain 
are not very convincing, and, pending further evidence, the writer pref(‘rs 
to include it in P. eryihroseptica/^ 

Other organisms attack belladonna and cause effects which may be mis¬ 
taken for those of Phyiophthora spp. Parisi (1921) reports that Thielavia 
hasicola Zopf^' attacks belladonna in Italy, but adds that infected seedlings 
recover when planted in the open field in w^ell-aerated soil. MacMillan (1941) 
reports damping-off of this host, due to Bhizoctonia s]). and to T. hasicola, in 
California, and desiu’ibes a root-rot attributed to Fusarium sp.; he states 
that the “mycelium of Fusarium is usually found. . . No inoculations 
are rec'orded. 

A preliminary descri])tion of the root-rot caused by Phytophfhora is 

1 Paper No. 478, University of California Citrus Experiment Station, Riverside, 
California. 

2 Probably Thielaviopsis hamcola (Berk.) Ferraris, according to McCormick (1925, 
p. 551). 
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jiiven by the author (1941) in a short article dealiiij** with several diseases 
of belladonna in California. , 

SYMPTOMS OP THE DISEASE 

The disease atfeets fibrous and fleshy roots, crowns, steins, and, to a lesser 
extent, leaves of the plant. The fun<?us attacks both fine and larger fibrous 
roots and causes brown, discolored areas which ar(‘ at fii*st firm but later 
be(‘onie watersoaked and flaccid and subsequently die (fif»‘. 1). The fleshy 
])ortion of the root is frequently parasitized; it subsequently turns dark 
brown to black in color and becomes watersoaked and flac'cid. Sunken, 
necr()ti(‘, lonjiitudinally oriented areas, which progress upward into the 
stem, are often discernible on the outside of the exposed fleshy part of the 
root (fiji-. 2). 

As root infection jiro^i'csses iqiward, other i*oots and often the crowns 
of the j)lauts are attacked; incijiient shoots tliat are affected turn dark and 
di(‘. Frequently tlie roots of a plant may be badly damajred while the crown 
irmains fairly intact and sends out new shoots; such jilanis may rec'over but 
are of little commercial value. Plants with naturally infected crowns invari¬ 
ably (li(‘, beinji' unable to produce new roots; the shoots, becomin^^ infected, 
turn brown and rot. Sometimes crowns become infected first, ami the infec¬ 
tion pro^ress(*s downward to the root and uj)wartl into the stem. 

(%)nspicuous, dark, slijihtly sunken nciu-otic areas are produced on in- 
fe('ted stems. Stems so infected fre(|uently show si<>ns of wilting-, the leaves 
turn yellow, and the plant eventually dies. 

Oftcji plants which lac'k vi^or, characterized by yellowed leaves and by 
some si»»ns of wiltin’*’, will show no si«»ns of stem infection. But when such 
j)lants are <luj:’ and the soil is carefully washed away from the roots, only a 
few badly infected and discolored roots are found. Sometimes plants are 
observed to have an abiiorinally larjie number of sjiarsely foliated, slender 
shoots; the roots and crowns of such ])lants have also been found to be badly 
diseased. 

Alon<»- the coast, under conditions of hijih relative humidity and warm 
air temperatm*es ])revalent durin<»- the summer months and usually follow- 

a foji’^^v period, younji* shoots and leaves of the jdants are attacked, the 
affected parts collapsin’*' on becoinin<r watersoakt'd. Through leaf and stem 
infections the disease may spread throuj^hout the planting', 

THE CAl^SAL ORGANISM 

Phyiophthora parasitica was readily obtaijied in ])ure culture when tis¬ 
sue ])lantinfrs of bits of diseased material from the mar’iin of necrotic areas, 
or from fairly recently infected roots of belladonna plants, were made on 
corjimeal ajiar and on plaiji water ajrar. The fungus was identified by Dr. 
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Pig. 1. Phytophthora rot of belladonna: A, noninoculated control; B, sj'inptoms pro¬ 
duced on fibrous roots by Phytophthora parattilica 16 days after inoculation in the green¬ 
house. In addition to the discolored areas on the roots, note the smaller number of roots 
on the infected plant. Pig. 2. Phytophthora rot of belladonna: A, noninoculated control; 
B, symptoms produced on roots and stem by Phytophthora parasitica 27 days after inocu¬ 
lation in the greenhouse. The lesion is dark, slightly sunken, and vertically disposed. Note 
the paucity of roots and the relative size of the shoots in B, tis compared with A. 
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C. M. Tiu'kor. Isolatiojis were typical of the species. FHsarium spp. were 
sometimes obtained in conjunction with P. parasHica when infected tissue 
was taken From badly dist^ased portions of the ])lant and i)lated on these 
media. 

Sjmranjiia of the funpus are typically acropenous, are infrequently inter¬ 
calary or borne laterally, and are ovate with a prominent apical ])apilla; 
they measure 23.()-4f).H by p, the mean 87.b fi by 31.0 [i. Obponia 

are acropeiious, inten-alary or borne terminally on short lateral bramdies, 
and from si)heri(‘al to sliphtly obovoid, with a smooth wall; in diameter, 
they measure If).2-24.1) p, the mean 22.6 [i. Antheridia are amphipynous. 
Oospores are thick-walled and smooth and larpely fill the obponial cavity; 
th(‘y measure 16.3-21.2 |.i, the mean 20.1 |.i, in diameter. 

The cardinal temperatures for p:rowth are: minimum, 10° V; o])timuni, 
30-32.5°; and maximum, 37.5°. 

These observations on moi'pholopy and temperature-prowth relations are 
in conformity with those reported by Tucker (1931). 

PATIIOUENICITY 

Outtinps oripinally rooted in a mixture of steidle soil and sand were 
ti*ans|)lanted to b-iindi pots (*ontaininp sterile ))ottinp' soil, in the preenhouse. 
Pure cultures of the funpus, prown on a mixture of sterilized whoh* oats and 
wheat, were add(*d to the soil of one lot of 50 plants; sterile oats and wheat, 
only, were added to another lot of 10 plants. After 14-16 days, a few plants 
in pots infested with the funpus ceased pi'owinp and assumed a yellowed 
apiiearance. Tw(‘nty days after inoculation, all the funpus-inoculated plants 
had stopped prowth, had Ixa^oine yelhnv, and showed sipns of wiltinp (fip. 3) ; 
stem lesions became visible 23 days after inoculation, l^lants pi'own in ]>ots 
which received only the sterile-prain mixture remained healthy and con¬ 
tinued to prow. When tin* affected ])lants were removed from their pots and 
the soil was (*arefully washed away from the roots, lesions sucli as those 
observed on naturally infected plants were found in abundance. Isolations 
made from artificially infected stems and roots proved pathopeni(* upon 
reinoculation and j)roduced symptoms indistinpuishable from tho.se caused 
by nalural infection. 

This same procedure was employed with plant material derived fi’oni 
seed sown in sterile soil; the results were similar to those already described. 

CTiltures of Fusariion spp., isolated topether with Phytophthora para- 
siiica from diseased material, were prown on the sterile-prain medium. This 
inoculum was added to sterile soil in 6-inch pots containiiip belladonna 
l)lants, accordinp to the procedure outlined above. No visible symptoms of 
disease were observed after one month. Plants receivinp this treatment were 
taken from their pots, and the* soil was removed by washinp in water; no 
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root necrosis was observe(i. It is concluded that the Fiisarium spp. used in 
this test were not patho<*enic to belladonna and did not contribute to the 
root-rot problem. 

Belladonna plants have been observed to dainp-off. The cojieerned 

are usually Pyihium deharyanum Hesse, P. irrcgulare Buis., and P. ultinium 
Trow, thou^rh occasionally Phytophthora parasilica has been isolated from 



Pig. 3. i’liytophtliora rot of hellodoiiiia: A, iioiiinoeiilated eontrol; U, symptoms ])ro- 
diu'od by Phytophthora parasitica 22 days after inoeulatioii in the gjreenhouse. 

such material. An experiment was devised to determine the ability of P. 
parasitica to cause dampin^-off of belladonna see(llinj»s. A mixture of one- 
lialf sterilized soil and one-half funf»:us on whole-^rain medium was ])laced 
in 10 sterile 6-inch pots; this mixture was covered by a thin layer of sterile 
soil. Five pots contained a mixture of one-half sterilized soil and one-half 
sterile ^rain. Fifty belladonna seeds were sown in each of the 15 pots. Four 
weeks later survival counts were made. In the 10 pots receivin^^ the fuufxus, 
the survivinj*' plants numbered: 5, 3, 0, 0, 2, 9, 6, 0, 1, and 4, respectively; 
in the 5 pots receivin<»: sterile ^^rain (control), the counts were: 37, 41, 26, 
39, and 40, respectively. 
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Tile path()<»‘eiiieity of the three Fifthium spp. was likewise (leteriiiined. 
The results showed ^I’eatest reduet ion in stand in the P. nltimum series and 
less rediK'tiou iii the eases of P. (tvbarifaimm and P. irrc(jul(irv. 

Fielfl observations seem to indieate that one of the prineipal methods 
of spread of the disease* is throujrh stem and leaf infections of adjoiniiiji; 
])lants, under eoiiditions of warm air tem])eratures and hijih relative humid¬ 
ity. To test this, 49 potted ])lants were ])laeed in a square ^roup in a moist 
ehamber. Bits of a<iar eontainiii^’ myeelium and sporangia of Phiftoplifhora 
jHirasifica were plae(‘d in the axils of youn^' shoots on 4 plants eom])risiu}i;* 
th(‘ corners of the* sepiare border about the eenter jilant. The chamber was 
atomized continuously with sterile distilled water; li;u‘ht was sujiplied durin<>’ 
the normal dayli<j»‘ht hours. Within .‘J days infeetiou of the youn^^ shoots and 
attac'hed leaves was observed; the disease he<*an to spread on the fourth and 
tifth da\s. Within 10 days the ('cntral mass of ])lants and all but 7 of the 
mariiinal jilants were infe(*ted, tin* shoots becominji* (liscolor(*d and wilteil, 
tin* leaves wat(*rsoak(‘(l and (*ollapsed. 

A similar expt*riment was arraujicd ^^ith 12 ])lants. in 8 I’ows of 4 ])ots 
ea(‘h, the 2 <‘(*nt(‘j‘ plants beinjx inoculated as described above. After infec¬ 
tion had 0 (*curr(‘d and the di.sease had bejiun to spre*ad, atomization was 
sus|)ended and all plants \\t*re sjirayed uith 2-2-r)() bordeaux and a wettinj>' 
a;»*ent, the plants remaining' in tin* moist chamber. The disease Avas checked, 
and no furth(*r spread occuiM'ed over the next 7 days, when the expi'riment 
was ('om'luded. 

A similai’ eX])erim(*nt was set iij) usin^ 14 plants. Aftei* the dis(*ase be^an 
to sprt*ad, 2 slightly infected |)lants were remove<l to another moist chamber 
w’hich was w’et but not atomized. The other 12 ])lants were tr(*ated exactly 
as in the previous test. Whereas the disease w'as checked by the application 
of bordeaux in the lot of 12 |)lants, the diseast* continued to sju’ead in the 
])lants w’hi('h were not .sprayed or atomized. Similar ivsults Avere obtained 
by usin;*- 2-3--r)() burgundy and 1.5 100 yellow^ cuprous oxide Avith Avettin<»’ 
a^icnt. 

I’OXTKOL 

No experiments an (‘re condinded to determine the origin of infection in 
field plantinjis of belladonna, but intection is api)arently accom|>lished in at 
l(^ast twH) Avays: (1) through natural infection of healthy jilants by the 
funji’us previously established in the planting’ area and (2) throu»»h the 
introduction of diseas(*d tj*ans])lants. The last condition may be controlh^d 
throu<rh use of seedlin;»s jiroAvn in sterile soil, 

F’rom field observations it is very evident that belladonna sutlers severely 
from root-rot Avhen grown on heavy .soils. The disease also becomes very seri¬ 
ous when an overhead ifrigatfon system is employed. Plantings (*an be sue- 
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cessfiilly j»Towii in lifrht soils wliich are adequately drained and furrow- 
irrigated rather than sprinkled. The spread of the disease may be substan¬ 
tially reduced throiijrh abolishment of the overhead type of irrij^ation. 

Where the disease is established and fnnjficidal control is necessary, 
2-2-50 bordeaiix, 2-3-50 biirgnindy, or 1.5-100 (uiprous oxide, with a suit¬ 
able wettinj*’ aj^eut, may be employed to arrest aerial development of the 
disease. 

J)ampinj»:-off of belladonna may be satisfactorily controlled by seeding? 
in sterile soil, fumij^ated either with carbon disulfide or with chloropicrin, 
or steam-pasteurized or autoclaved; sterile i)ots or flats should also be used. 
In watering’, care should be exendsed to avoid splashiiij^* water and soil from 
adjacent iinsterilized plant containers. Preliminary investijirations in which 
cu])rous oxide, ethyl mercury phosphate, and tetracdiloro-parabenzoquinone 
were used as seed protectants, were rather luisatisfactory, none of these 
materials efEe(*tin<j: adequate control of dampin^^-off. 

SUMMARY 

Phytophthora rot of belladonna {Airopa heUadonha L.), occurrinjr in 
California and affecting? roots, crowns, stems, and leaves, is described. This 
is ai)parently the flr.st detailed account of a Phyt()i)hthora rot of this host 
in the Uiiited States. 

The causal organism has been identified as Phytophthora parasitica 
Dastur. The morphology of the fungus is typical of the speides. The cardinal 
temperatures for jirowth are: minimum, 10° C; optimum 30° to 32.5°; and 
maximum, 37.5°. The pathogenicity of the funj»us to mature and seedliufr 
plants has been established. 

Control of the disease may be afforded by plantinji* on lij^ht, well-drained 
soils and by the use of the furrow^ method of irrijration; overhead irrijration 
should be avoided. Control of the spi*ead of the disease may be accomplished 
throujfh abolishment of the overhead sy.stem of irrijration and the applica¬ 
tion of bordeaux, bur<*:undy, or cuprous oxide with a suitabh‘ wettin^^ ajyent. 

The ability of Phytophthora parasitica and of Pythiiim deharyanum 
IIes.se, P. irrvgularc Buis., and P. ultimum Trow to cause dampinj^-off of 
belladonna is likewise described, and the pathogenicity of the fun^i is estab¬ 
lished. Dampin^-off may be controlled by .seeding in sterile soil in sterilized 
containers. Three materials used as seed-protectant dusts did not effectively 
control darnpiug-off. 
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THE MORPHOLOGICAL NATURE OF THE PHOTOSYN¬ 
THETIC ORGANS OF ORCHYLLIUM ENDRESII AS 
INDICATED BY THEIR VASCULAR STRUCTURE' 

W. (r. McIntyre and M. A. Chrysler 

Ill spite of the notoriety attained by the ‘‘bladders’’ of the jienus TfricU’ 
laria, the niorpliological nature of the various orfjpans remains unsettled. The 
aquatic habit appears to have broujfht about specialization accom])aiiied by 
reduction. For this reason a mere inspection of the orj^ans and even a com¬ 
parison of organs in the different jifenera has led to sharji disajrreement. This 
is illustrated by the selected references which follow. 

Schimper (1882) reported his studies on Utricvlarw corn (da, a North 
American species found alon^ the edges of swam])s or on hummocks in moist 
places. He regarded the underground portions of this ])lant as bramdies of 
the main stem. Certain minute green blade-like organs arising from slender 
subterranean branches he considered to be of caulome nature. 

Schenck (1887) api)ears to have been the first to have access to a s|)ecies 
in which vascular tissues are fairly well develof)ed. He described and ])re- 
seiited good figures of the structure of the various organs in T. nKndana, an 
ei)iphytic species from the AVest Indies. He obviously was not impressed by 
the concentric structure of the “Blattstiel” nor its resemblance to the in¬ 
florescence axis, but assumed that the blade-shaped organs are leaves. 

Ridley (1888), while describing a specimen of V. hrifophylla, a small ter¬ 
restrial species from South Africa, held that the leaf-like organs arc* of 
caulome nature because some become narrow toward the tip and coiilinne as 
bladder-bearing branches. 

From a study of the South American genus (Hcnlisra and several small 
terrestrial utricularias, Goebel (1898) concluded that all of the lateral 
organs are modified leaves, that is, all the organs which function as j*oots 
and stems are derived from leaves which have become first tubular and then 
solid branching structures. 

In the present study an attempt is made to use the criterion of anatomi¬ 
cal structure as exhibited in the Costa Rican species Orchijllinm EndresH 
(Rchb. f.) Barnhart; suitably preserved material of which w^as secured by the 
second writer in the summer of 1940. Sections were prepared by i)arafifin and 
celloidin methods, serial sections being used when desirable. Crystal violet 
followed by erythrosin was found valuable for differentiating the sliglitly 
lignified vessels. 

1 Publication of Bureau of Biological Research, Rutgers University. 
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In contrast to many members of the family this plant is essentially ter¬ 
restrial, {jrowinp: in moss on fallen loj!:s in wet forest, also in peaty matter 
bearinj»‘ liverworts and lichens at the surface of crevices in steep banks. As 
mijrht be expected, the vascular tissues are much better developed than is the 
case in aipiatic members of the family. 

The slender inflorescence axis has a height up to 35 cm. and bears from 



Figs. 1-4. Trniisvorse stations tbnmgli upper part of rhizome, showinj^ mode of exit 
of vascular HU])j)ly to the }>hotosviithetic orjraii (/>), which in all figures lies toward top 
of page. Figun‘ 1 is the lowermost section. All x 25. Fi(3. 1. At lower right hand, early 
stage in exit of trace to a tuber-hearing branch. At to]> a slight bulge in xylem indicates 
beginning of trace su])plying /». FiO. 2. About 100 p above level of fig. 1, trace sn])]>lying 
p is diverging from stele of rhizome. Fio. 3. About 100 p above level of fig. 2, trace sup- 
playing p is beginning to assume circular outline. Fig. 4. About 100 p above level of fig. 
a, trace supplying p shows circular outline. At lower left, the trace of another p is leaving 
stele. 
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one to five flowers. The larjye size of the latter (30*40 mm. in width) and 
their orehid-like appearance as welJ as the almost epiphytic habit of the 
plant su^^jrested the name Orchyllinm to Barnhart (1916) when he sej*:re- 
gated the genus from Utricularia. Scattered along the axis are several simple 
lanceolate bracts and at the base of each pedicel are a bract and a pair of 
bracteoles. The axis forms a vertical extension of the short subterranean stem, 
w^hich has the appearajice of being much condensed. From this stem arise 
organs of four kinds: (1) the inflorescence axis already mentioned; (2) one 
or two vertically disposed photosynthetic organs—the so-called leaves; (3) 
several delicate horizontal or downwardly directed branches bearing minute 
but perfect ‘‘bladders’’ and functioning as absorbing organs in default of 
true roots; (4) several stouter branches each of which swells into a trans¬ 
lucent tuber 5-8 mm. in diameter and then continues like (3). 

The blade of each “leaf” has a length of 4(1~6() mm. and width of 10-20 
mm., is from lanceolate to ovate in shape with the tip acute and the base 
tapering into the stalk which may have a length of 30-60 mm. There is a 
pronounced midrib, from Avhich at an acute angle diverge veins which anasto¬ 
mose with one another. The whole organ is inclined to be stiff. 

It will now be in place to examine the internal structure of the chief 
organs. The most conspicuous feature of the rhizome is the wide and thick- 
walled middle layer of the cortex (figs. 1-4), bounded inwardly and out¬ 
wardly by narrow layers of tliin-walled cells. The epidermis is studded with 
sac-shaped absorbing hairs. An endodermis is hard to demonstrate, but cells 
showing a Caspary’s band when treated wuth safranin and fast green form 
a much interrupted ring bounding the central cylinder. In the stele it will 
be noticed that the vessels are distributed through an annular zone among 
thin-walled cells. All of them are narrow (15-30 |j) with spiral or reticulate 
thickening. (Iroups of delicate phloem cells (unstaiiUKl in figures 1-4 but 
clearly shown in figure 6 representing the inflorescen(*e axis) are scattered 
through the stele without reference to the xylem. Toward the base of the 
rhizome the vessels are more or less grouped into bundles with which phloem 
groups are occasionally associated. The endodermis moreover is readily iden¬ 
tified in this region. These observations appear to indicate that the more 
scattered condition of the vessels and discontinuous nature of the endodermis 
are due to dilation of the stele. 

Explanation of figures 5-;10 

Fig. 5.‘Transverse section through inflorescence axis. x45. Fig. 6 . Part of same 
section, x 175. 8ix vessels and several phloem grouijs are shown. Fig. 7. Trans sec. 
through midrib of photosynthetic organ, x 100. Fig, 8 . Part of same section, x 235. 
Eight vessels, also large and small phloem groups, are shown. Fin, 9. Blade of photo¬ 
synthetic organ, showing at left a branch of the stele, at lower right a stoma, x 105. 
Fig. 10. Inflorescence axis at level of exit of the three traces which supply one of the 
bracts, x 55. 
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As the rhizome passes into the infloreseeiice axis (%. 5) the cortex loses 
its thick-walled character and consists of four or five layers of parenchyma 
cells liberally provided with intercellular spaces which are associated with 
stomata. The stele takes on a new feature, namely, a thick-walled zone about 
five cells in thickness and lyinp: immediately beneath a clearly marked eiido- 
derniis. This mechanical layer shades off into the pith. The xyleni (fijr. 6) 
continues the annular arranjicment characteristic of the rhizome, but the 
vessels are much less numerous, while a few are to be found in the middle 
repon of the stele; all are thin-walled and poorly li<>nifi(‘d but show clearly 
when stained with crystal violet. The ])hloem groups are very nnmei’ous, 
some small ones occurrinf*- in the mechanical layer and extendinj>’ (juite to 
its outer edj.*'e while several larp:e j^roups may be present in the middle re^don 
of the stole. Thus the vascular tissues of rhizome and infloresc'cnce axis cor¬ 
respond while differinji’ in detail. That the unusual arrangement of the vas¬ 
cular elements is characteristic of VfrieuUiria sec. Orrhidoidrs (~ OrcJndlium 
Barnh.) is indicated by Schenck’s (1887) figure 5 of the iiifloresceuce axis 
in V, moniana. The situation of the vessels anion**' thin-walled cells is a sipi 
of rediu'tion from a more or less continuous xylem cylinder, whiidi reduction 
is carried so far in the aquatic species that xylem is scarcely disc(*rnil)le. The 
position of the phloem jjrroups may be interpreted as an extension of the 
tendency to produce additional phloem j»roups seen in various members of 
Solanaceae, (kmvolvulaceae, and several other sympetalous families. 

When we turn to the photosyntheti(* orjrans, figure 7 shows the app(*ar- 
ance at the level of expansion from stalk to blaile. Beneath the epidermis a 
cortex 4-5 cell layers in thickness is followed by a definite endodei-mis and a 
mechanical rinj*: consistinjr of a few thick-walled layers shadin;^’ ofi* to the 
thin-walled cells of tin* axial **’round tissue. This rejiion shows very thin- 
walled isolated vessels in a peripheral zone, a few in a more (*enti*al position, 
and lar<*er or smaller jrroujis of delicate iihloem cells scattered through the 
ground tissue but in this organ rarely invading tJje mechanical layer, so far 
as our observations indicate. Several rather large phloem groups are aj)! to 
occur in the central region. Longitudinal sections show that the thickenings 
of the vessels are of the annular, spiral, and reticulate types, all very poorly 
lignified. Thus point by point the vascular tissues corrsepond in arrangenumt 
and structure with those found in the .stele of the inflorescence axis. Surely 
it is just as proper to call the area enclosed by the endodermis a stele as in 
the two yegions of the stem. Small portions of the stele are pinched off to 
supply the veins of the lamina; the largest of these have a neai*ly com])lete 
mechanical sheath surrounding a very poorly developed central xylem and 
three or four .small peripheral phloem groups; smaller veins show dorsal and 
ventral mechanical areas, the former frequently being the smaller of the two, 
with the phloem groups persisting on the flanks. The strands hence resemble 
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steles rather than eollateral bundles. The blade (fif?. 9) presents the follow¬ 
ing^ layers: (1) an upper ej)ideriais whieh may have a few glandular hairs 
of the tyi)e ()(‘(‘urrin^ on the rhizome; (2) four or five layers of nearly cubical 
cells, the inner ones containing chloroplasts and reminding; one of poorly 
developed ])alisade; (If) a sponp:y layer occupyiiif*: most of the thickness of 
the orjraii; (4) a lower ei)idermis with stomata of an unspecialized type and 
glandular hairs in larj>er numbers than on the ui)j)er surface. Obviously the 
blade would pass for a leaf were it not for the stelar nature of the vascular 
structure's and tlie similarity of these to the ones found in the stem. It should 
be remarked that the dorsiveiitral structure of the blade need not enter into 
the argument, in view of the fact that the uiupiestioned fiat branches of 
Pliyllocladus bear far more stomata on the lower side and show a palisade 
toward the ui)i)er side. These features are to be rejrarded as strictly eco- 
lo^^ieal. 

Selienck’s fijJiure 11 (1887) representing’ the “mid-rib of the leaf’’ of 
r. iiutHhtiHf res(*inbl(‘s our figure 7 except that in the former the vessels are 
somewhat less evenly distributed. Ilovelaeciue (1887) has undertaken to 
inter])j-et Scheiu'k’s fijiure (i, representinjr a runner, as showin*** an arc- 
formed j^roupinji: of the vessels, hence the runner is a ])hyllome, not a caulome 
as Schenck lu'ld. Uealizinji’ that all eviden<‘e of dorsiventrality should be con¬ 
sidered, and that some of the small vessels max easily be overlooked, we have 
outlin(‘(l iin(l(‘r hijih majiiiific'ation witli camera lucida the set of V(*ssels 
()c(‘urrin< 2 ' in tin* s(*<*tion j)hoto^*raphed in h.uin'e 7. Thirty-four undoubted 
vessels weiH* found, all but four of them niakin<i up an interrupted i*in^- 
fornied /one, not in any way su^jrestinji’ an arc. The ])hloem in our fi^iure 
looks a trifi<* suspicious, showing’ four lar«»t‘ groups more or less on an axis 
rnnni]i^’ at ri^ht anjiles to the width of the blade, but the illusion is dis¬ 
pel l(*d by a <»lan(*e at other sections, which show' that the i)hloem groups 
anastomose so as to ])resent various arranjrements. Hovelaccpie’s arjrument 
hence ap])ears to have no ap])lication to (), Pudresit, which is ])robably a 
more primitive jilant than (\ maniana because the former has a better devel¬ 
oped ])i’imary axis and simi)ler branches. 

Additional lif»’ht on the iiiorpholojifical status of the photosynthetic or^an 
is afford(*d by examination of the re«»'ion where it branches off from the 
rhizome. Fi<»ures 1-4 represent sections selected from a series taken through 
the stem. Reference is made to the legend, which sufficiently indicates that 
the vascular .system of the so-called leaf arises as a concentric j^roii]), not a 
collateral one; that is, wh^ are here dealin«r with a flattened branch, not a leaf. 
Jt is instrindive to compai*e these sections wuth those cut fi*om an inflore.scence 
axis at the level of orijrin of one of the bracts. In spite of its small size the 
bract is supplied by three vascular bundles, arising*: separately from the stele 
of the axis (fi<r. 10), the medtan bundle beinji- larjrer than the laterals. It 
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will be recalled that this is the typical mode of origin of the vascular supply 
of a leaf. The contrast between fij>:ures 10 and 3 is sufficiently striking. In 
sections through a bract the median bundle is represented by 4~6 vessels 
arranged in a broken row parallel with the surface of the bract; applied 
abaxially to these Several minute ^roui)s of phloem; finally a conspicuous 
island of mechanical fibres—essentially a collateral bundle. 

IMainly Orehyllium has not entirely lost the power of ])rodu(dn^* leaves, 
and these are unmistakable when they do occur. It would naturally be ^rati¬ 
fying? to find a leaf or bract subtending? a photosynthetic or^an, (*omparable 
with the bract occurrinj? at the base of each cladophyll in Rusciis, but nothinp: 
of the kind ai)pears to be present. This seems to be one of the t^atures of 
reduction in this very specialized subterranean or^mn. It will be recalled that 
the bract which usually subtends each flower of a raceme is typically absent 
in Cruciferae. 

Petioles showing? a stele-like bundle are of course known in different 
fiToui)s of ])lants; for example, several species of the fern f^enus (Ucichvnia 
show a (‘Oncentric arrangement of xylem and ])hloem and even a pith area 
in certain refiions of the leaf axis; but this represents a pseudostele, formed 
by fusioji of the ed}?es of a C-shaped leaf trace, as was pointed out by Jeffrey 
and others. Likewise the concentric structure seen in the petiolar bundle of 
some species of Primula has been shown by (Twynne-Vau{?han (1897) to be 
the result of the same process as occurs in (ilvicheuia. In Orchj/llium, how¬ 
ever, the concentric trace supplying? the photosynthetic orj?an arises in a 
quite different manner, as we have shown. 

In view of the evidence derived from internal structun*, the inference 
appears inescapable that in Orvhyllium the photosynthetic organs are not 
leaves but flattened stems of limited prrowth, hence the name cladode is a])pli- 
cable. Naturally the early students of the bladderworts interpi'eted the 
ort?ans by comparing’ the external form in various .species and jicnera. Even 
ISchenck, who made a careful study of V. moniana, apj)arently failed to per¬ 
ceive the implication of the vascular structures exhibited in this (*lose rela¬ 
tive of 0, Eudresiij for without comment he called the {?reen organs ^‘leaves.’’ 
But this was in 1887. Meanwhile it has come to be realized that the vascular 
parts of a plant are less liable to modification by reason of chanf?es in the 
environment than is the external form. Hence the vascular anatomy fur¬ 
nishes one of the most reliable criteria for establishing morphological con¬ 
cepts andj'or determininj? relationships. Goebel was an earnest student of 
the j?roup, but even in his later contributions paid scant attention to vascular 
structures. He reached the somewhat disconcerting? conclusion that in f/tr/- 
cularia and its allies; ‘^kurtz es ist das gewohnliche Schema der Or^anbild- 
ung hier ganz fiber den Ilaufen geworfen.” (Goebel 1898, p. 446). His trans- 
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lators have rendered the last j)hrase as ‘^jumbled/^ which j)robab]y expresses 
the meaning: rather mildly. 

The anatomical evidence furnished by such terrestrial species as 0. 
Emlresii and IL moniana is so consistent that it becomes probable that the 
small g:reen blade-like organs arising from the cree])ing stem of V. cormita 
are also of caiilome nature, as was suggested by Schimper (1882). Barnhart’s 
study of the family led him on the basis of external features such as bracts 
to place his new genus OrchylUum next to Rafinesfpie’s genus Htomoismy 
which includes the former V. cornnia and other species. These near-H(iuatics 
naturally have practically no vastnilar tissues, but have in all probability 
been derived from terrestrial plants, so that tin* systematic position of 
Sfomoisia and other segregates may be significant. 

We are not prej)ared however to extend the (‘iadode theory to all mem¬ 
bers of the family. The vascular structures in the different genera show con¬ 
siderable difi'erences. Thus Van Tieghem (1869) reported that in U, vuUjaris 
the stele has a narrow central vessel surrounded by elongated cells contain¬ 
ing a granular licpiid. This is a reduced condition of the xylem which is 
shown by other a(piati(*s, e.g., Elodca. Dangeard and Barbe (1887) observed 
in Pim/uicula the condition which they called })olystely and compared with 
the similar condition in Prfnnda Auricula. Merl (1915) furnished an account 
of the anatomy of several species of (ienlisea, finding iji all a sclerenchy- 
matous ring surrounding a (*ircular series of ])hloem groups, with vessels 
distributed through tin* ])ith. It will be noticed that none of these plants 
has an arrangement of vascular tis.sues like that described by Schenck (1887) 
and the present writers. In view of this dii^rsity in the vascular tissues, it 
would be unwarranted to (*laim that cladodes occur throughout the family. 
Pinguicula, Gculisai, and Viricuhirm are so different in various res])ects 
that the family must have had a long history which is at present unknown. 
(Joebel may Avell be correct in regarding all the organs of (icnlisva as modi¬ 
fied leaves, but the ob.servations presented in this paj)er strongly support the 
earlier view of Schimjier and others that the flattened organs in Vtrieulana, 
scusu la to, are of the nature of branclu^s. 

SUMMARY 

The ju’oblem of the morphological nature of the ifliotosynthetic organs in 
Vtrieularia is approached from the point of view of vas(*ular structure in 
the terrestrial tropical Orchyllium Endresii. In this species the vascular 
tissues are fairly well develo])ed, and so-called leaves are conspicuous organs. 

The stele of the underground stem i)resents a ring-formed group of ves¬ 
sels interspersed in much parenchyma, and numerous small groups of phloem 
cells scattered through the stele. The inflorescence axis has a similar struc¬ 
ture, with vessels more scattered. The stalk of the “leaf” is constructed 
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almost exactly like the precediiif? orj?an, and its vascular supply arises from 
the stele of the stem as a concentric rather than collateral or^an. 

The only organs with leaf structure are the bracts on the inflorescence 
axis. The vascular supply of a bract consists of a median and two smaller 
lateral bundles arising* separately from the stele of the inflorescence axis. 

These observations indicate that the so-called leaf of Orchyllium is to be 
refiarded as a specialized branch or cladode. It is sugjrested that cladodes 
may be present in aquatic members of the family in which vascular tissues 
are reduced to the vanishing i)oint. 

Department of Botany, Kittgers University 
New Brunswick, New Jersey 
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POLYPLOIDY IN SEDUM PULCHELLUM—II. 
STOMATAL SIZE AND FREQUENCY’ 

Harriet B. Smith 

Witliiii reoont years it has been found that in many groups of plants 
polyjdoids can be (listiiip'iiisbed from diploids by comparing: the size and 
frequency of stomata. An in(*rease in chromosome number is aifcompanied 
by an increase in stoniatal size and a decrease in stomatal frequency in Zea 
(Randolph 19J12, 1935), Tradescanfia (Sax & Sax 1937), Coffca (Franco 
1939), and other genera. It has been suggested that such a relationship be- 
tw(‘en stomata and cliromosome number would aid in detecting polyploid 
ra(*es in lierbarium material, and stomatal size and frequency have actually 
been so used as criteria for ])oly[)loidy (Babcodc & Stebbins 1938; Stebbins 
1939; Sax & Sax 1937).'This also offers a ready clue toward determining 
polyploid races of living ])lants. 

To asc(*rtain the size and frequency of stomata in Sedum piilchcUvm, 
studies were made on the di])loid (2 r- 22), tetraploid (2a = 44), and hexa- 
jdoid (2a -(i(i) races. Counts were made on the <li])loid for 19 ])lants from 
lb locations, on the tetra])loid for 19 ])lants from 12 locations, and on the 
hexaploiil for 12 jdants from 3 locations.^ The chromosome counts were 
made by J. T. Baldwin, Jr., from aceto-carmine smears of roots and leaves, 
and some from Nawaschin-fixed, (*rystal-violet-stained sections of roots. 

SiiU'C environmental conditions and ])osition of leaf on the plant have 
been found to affect the size and distribution of stomata in some species 
(Franco 1939; Hii*ano 1931), the plants studied were grown under uniform 
conditions and ('ounts were made only from basal juvenile leaves of plants 
at a uniform stage of develoj)ment. Although ])reliminary observations in¬ 
dicated that stomatal siz(* and frequency do not vary appreciably in the 
same leaf in Sfdutn pidchcUnm, an attempt was made always to take the 
count from the middle jiortion of the lower epidermis of the leaf. 

Lloyd's method (Lloyd 1908) for measuring stomata was used : the lower 
epidei’inis was stidpped from the leaf and fixed at once in absolute alcohol 
(Lloyd found no measurable shrinkage of stomatal size under this treat¬ 
ment). Measurements of five open stomata on each leaf were made wdth an 
eyepiece microimder, a Spencer microscope wdth a 10 x ocular and 44 x 
objeidive being used; stomatal counts were made with a 10 x ocular and 

1 Pai)crs from the ]')oi)artiiient of Botany of the University of Michigan, No. 816. 

- Follections were made hy: J. T. Baldwin, .Ir., Jean M. (Campbell, L. M. Dickerson, 
B. M. irarj)er, A. M. Ilarvill, Milton IJopkins, 1). W^. Moore, H. T. Shacklette, J. A. Steyer- 
mark, Mary K. WUiarton. 
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10 X objective; the total number of stomata per microscopic field was deter¬ 
mined and the statistical comparison of races was based on the number of 
stomata per field. The numbers were converted later to number of stomata 
per square millimeter. 

Individual plants in each race vary so greatly morphologically that it 
would be hazardous to judge the degree of polyploidy by the general appear¬ 
ance of a single plant; however, when large numbers of plants of different 
races are studied, racial differences can be discovered. In the diploid, the 
juvenile leaves are small and densely crowded, giving the plant a compact 
appearance. In the tetraploid, leaves are slightly darker in color, larger, 
and not so densely crowded. The tetraploids appear to be healthiest and 
most vigorous. Hexaploid leaves are broadest, and in length are intermediate 
between those of the diploid and the tetraploid (fig. 1). The hexaploid has 



Fig. 1. Primary and secondary juvenile leaves of Sedtim pulchrlhim. 1. F^rimary leaf 
of diploid, 2wr:22. 2. Secondary leaf of diploid. .3. Primary leaf of tetraploid, 2«-44. 
4. Secondary leaf of tetraploid. 5. Primary leaf of hexaploid, 2a :: 66. 6. S<*condarv leaf 
of hexaidoid. All x 2. 


fewer but longer stems than the tetraploid, giving the hexaploid a more 
diffuse appearance. Measurements of mature leaves are being analysed sta¬ 
tistically and will be published later. Diploids mature and flower earlier 
than the other two races. The three races occupy different geographical 
regions (Baldwin 1942). 

Stomatal size was found to vary directly with chromosome number, and 
stomatal frequency inversely with chromosome number (table 1). The dif¬ 
ferences in the means of the different races all give very high values of t, 


TABLE 1. Stomatal Size and Frequency in Sedum pulchrllum 


Chromosome 

number 

Number of 
plants 

Mean stomatal 
size in p, 

Moan number 
of stomata 
per field 

Moan numb(»r 
of stomata 
per sq. mm. 

2n=:22 

19 

269 + 3 

83.3 +2.125 

697 

2w = 44 

19 

457 ±8 

53.6 +1.005 

449 

271 = 66 

12 

575 + 6 

42.75 +1.5 

358 
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the smallest being /“6; therefore these differences are statistical]}^ highly 
significant. 

It must be emphasized tliat eiivirouinental conditions and other factors 
as well as chromosome number can strongly influence the frequency of 
stomata. In an attempt to learn how ])oJyploidy exerts effect, therefore, it 
should be worth while to study the influence of environment upon the size 
and distribution of stomata. Yapp (1912), Salisbury (1927), and Maximov 
(1929) have found stomatal frequency to be correlated negatively with 
water supply: sun leaves have more stomata per unit area than shade leaves; 
plants grown under dry conditions liav(‘ more stomata tiian those under 
humid conditions; upper leaves of many herbs and shrubs have more stomata 
than lower leaves, the iqiper leaves being farther from the source of water 
supply. Yapp and Salisbui'y (‘onsid(*r high stomatal frecjuency to be a xero- 
mor])hic character. Maximov and Salisbury have found that iji plants having 
more stomata on the upper leaves than on the lower ones, the U])[>er leaves 
have a greater osmotic q)i*essure than the lower ones. Thus high stomatal 
frequeiK'.v apj)ears to be correlated with liigh osmotic pressure. Yapp and 
Maximov in discussing the cause of high stomatal frequency in the upper 
l(‘aves of a plant advance the theory that high stomatal frequeinw is actually 
<‘aused by high osmotic pressure in the leaf while the leaf is developing and 
ex])anding. Although in this study on Sf dum no attempt has been made as 
yet to determine osmotic ])ressnres of the different chromosome races, Becker 
(1931), working with mosses, found osmotic jiressure to be inversely pi’o- 
portional to chromosome number. If this should be found to be a general 
characteristic of ])()lyj)loidy, then tin' high stomatal frequencies of the 
di])loids and low frequemnes of the hexapl(»ids would be correlated with 
differeiK'es in osmotic pressure and would, accoi’dingly, agree with Yap])’s 
th(‘ory. 

The ecological significance of stomatal size and frequency is somewhat 
uncertain. Salisbury (1927), in his study on the ecological significance of 
stomatal frequency, con<*ludes that since the correlation between number 
of stomata and humidity is negative, stomatal freijuency has no adai>tational 
significance in relation to transpiration or assimilation. Yajip (1912), on 
jiurely theoretical grounds, concludes that the trans])iration rate through 
the smaller but more numerous stomata of xeromor])hic leaves should not 
be much greater than that through the larger but fewer stomata of less xero- 
morphic leaves, but Smith (1941) has found a significant positive correlation 
between stomatal frequency and transpiration in Phaseolifs vuh/dris. 

SUMMARY 

Stomatal size and frequency in juvenile leaves of three races of Sedioii 
'pulchellum were determined: stomatal frequen(‘y varies inversely with 
chromosome number; stomatal size varies directly with chromosomt' numlxu’. 
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When ^rown under constant environmental conditions, the three races 
differ morphologically, but there is also j^reat variation within each race. 

A possible relationship between chromosome number, osmotic pressure, 
and stomatal size and frequency is sugfyested. 

The ecolojyical sij?nifieance of stomatal size and frequency is uncertain. 
Department of Botany, University op Michigan 
Ann Arbor, Michigan 
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THE NORTH AMERICAN SPECIES OF ERIGERON CENTERING 
ABOUT E. SPECIOSUS (LINDL.) DC. AND 
E. GLABELLUS NUTT. 

Aktiittr CiiONQrrsT 

In the eourse of preparing a revision of tiie North American si)ecies of 
Erigeron, 1 think it advisable to place tlie folJowinjr treatment of some west¬ 
ern species on I'ecord, in order that certain names and combinations may be 
made available for ns(‘. Citation of si)e(*imens, and discussions of phylojieny 
and evolutionary trends, are reserved for iiichision in a later more (extensive 
wm*k. 

This study is intended to include the biennial and perennial North Amer- 
i(*an species of Erigcran that have double pa])pus and erect stems with broad 
cauline leaA'es, ex(dusiv(» of E. philadrip/iicus L. and its immediate relatives. 
Roughly, it includes the se<‘tions Macranfhi, (ilahdli, and Aspvri of Dr. 
Rydberg’s treatnumts. These forms constitute an entirely natural <»‘roup. 

As in many jxenera of tin* Comp^antac, coni|)lete inorpholojric diseon- 
tiiinity between s])ecies does not aK\ays exist. Intermediates can be found 
between forms that by any reasonable taxonomic system must, be rcM'Oj^nized 
as valid species. Those units which are comparatively distinct from other 
units, and whose subunits, if any, all share some common cliaraetei* or char¬ 
acters not found in closely relat(*d units, have been recojrni/(*d as sj)ecies. 
(Jeo^raphic distribution of ea(di of the groups re('o^iiized as a s])ecies is fairly 
('ontinuous. 

Following imme<liatel\ on the (piestion of s])ecific criteria is the problem 
of intras])ecific units. 1 wish to [)lace on record here my concept of these. 

Suhspccirs: An intraspecific unit, more or less ‘genetically continuous 
through time be(*ause of a tendency for its individuals to breed largely 
amonjj: themselves, which occupies a largely distinct I’anjic of its own, and 
inter^n*ades with otlier units where their ranges meet; or, a g:roui) of varieties 
tliat are more closely relat<‘d to each other than to otlnu* varieties of the 
species. 

Variety: An intras])e(‘ific unit, more or less ‘genetically continuous 
through time because of a temlency for its individuals to breed largely 
amoii”: themselves, which shares a larjre part of its ran^e with similar units, 
or wdiich occurs anywhere within the ran<re of a ‘riven species or subspecies. 

Form: A minor intras])ecifie unit Avhich occurs sporadically throu^li part 
or all of the ranjre of a species or major intraspecific unit, does not occupy 
any sizeable area to the exclijsion of other individuals of the species, and 

L>r>r> 
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whose individuals show no obvious tendency, other than that induced solely 
by proximity, to breed larjyely among themselves. 

In any monographic work, the nomenelaturally typical unit of a species 
should receive the conventional varietal or subspecific epithet if there are 
any major units witliin the species. It is not desirable, however, to grant the 
typical unit an epithet as a forma, unless, as is not usually done, all of the 
formae of that species are treated and named. 

It is my conception that any real subspecies or variety will probably have 
some habitat preferences or peculiarities of its own developed to a greater or 
lesser degree, so that it is not necessary to grant subspecific status to ecotypes 
which are not geographically segregated. 

The criteria used in this treatment are mostly external and superficial, 
such as the width of the phyllaries, size and distribution of the leaves, and 
pubescence. Width of the phyllaries, hitherto apparently almost totally dis¬ 
regarded, seems to be of considerable importance. Each of the species varies 
about its own mean, with the extremes commonly overlapping the extremes 
of certain other species. The width of the phyllaries is particularly helpful 
in distinguishing doubtful forms of E. stqxrhus from E, tipeciosiis, and E. 
formoHiaaimus from E. snhtrinervis. Associated with phyllary width is the 
degree of looseness of the tips. E. superhvi;, E. formosissimus, and E. glahvU 
lus are notable for the comparatively close tips of tlie phyllaries in mature 
heads, while B, speciosus and E. suhtriMwis are notable for the very loose 
tips of the phyllaries. 

Distribution and relative size of the leaves are very helpful. Witli the 
exception of E. superhm, the group may be divided into tliose foniivS in 
which the basal leaves are largest and the upper ones progressively and con¬ 
spicuously reduced, and those in whicli the middle leaves are as large as or 
somewhat larger than the basal ones, with tlie ui)per ones only gradually 
reduced. 

Type and distribution of pubescence are generally helpful, each unit here 
recognized having its own characteristic vesture. Number and width of 
ligules are occasionally hel])ful, as are height of the plant and persistence or 
deciduousness of the basal leaves. Size and number of heads, and shai>e of 
the inflorescence have only very limited usefulness, being too variable in 
most of the species to be of much help. Length and color of the ligules, and 
character of the short outer pappus seem to be wholly unreliable in this 
group of'species. More technical characters of tlie achenes and disc corollas 
are in general too uniform to be of much value in the group. 

About 2500 sheets, from 15 herbaria, have been assembled for this study. 
I wish to thank the curators for their kindness in loaning specimens. Grate¬ 
ful acknowledgement of assistance is made to Dr. Ray eT. Davis, who has 
spared no effort to assemble the necessary materials and has given continued 
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advice and encouragement, to Dr. Bassett Maguire, who has been most gen¬ 
erous in providing access to nece>ssary literature, and to my wife, Mabel 
Allred Croinjuist, who has assisted and encouraged the study in various 
w^ays. 


KEY TO THE SPECIES 

1. Stem leaves glabrous or glandular, not even ciliate on the margins, com- 
aratively few and little if at all longer than the internodes 1. M. superbus 

1. Stem leaves either obviously pubescent or at least ciliate on the margins, 
sometimes also glandular, often numerous and longer than the intcrnodes. 

2. Plant rather e(]uably leafy, the upx>er stem leaves gradually rather 
than conspicuously reduced, the middle stem leaves commonly larger than 
tin* lowermost ones. 

3. ITjiper and middle stem leaves glabrous or nearly so excejd for 

the ciliate margins; stem glabrous below the inflorescence or bearing 

a few scattered hairs 2. E. speciosus 

3. T'])per and middle stem leaves obviously hairy or glandular or 

both, or the stem consjiicuously pubescent with long spreading hairs. 

4. Leaves glandular or glandular-scabrous, sonn'times also 
s}>ar8ely long-hairy. 

5. Jjeaves without long eglandular hairs e\ce]>t for the ciliate 
margins and occasional long hairs along the midribs; stem 
pub(‘scent above with stiff sjireading hairs; plants of Arizona 
and New Mexico 3. E. platpphylhis 

3. Leaves and stem sparsely pubescent with long, soft, flexuous 
hairs; ]»lants of southwestern Wyoming to central Utah 4. E. niniahrnsis 
4. T^eaves hairy, not glandular or the uppermost ones but slightly 
glandular 5. E. suhtrinervis 

2. Plant rather inecpiably leafy, the iipjier leaves conspicuously reduced, 
th<‘ middle ones commonly smaller than the lowermost ones. 

3. Stem and involucre glandular or viscid, sometimes also hairy. 

6. E. forrnosissiunis 

3. Stiun and involucre more or less hairy, not at all glandular or 

viscid 7. E, glabellas 


TREATMENT OF THE SPEC IES 

1. EIrigeron suPEiq.u s (ireeiie ex Rydb. Colo. E^xp. Sta. Bull. 100; 351, 
364. 1006. K. (ipwulatus (Ireene, Leafl, 2: 217. 1912. E. cldensLs Greene, 

Leafl. 2: 196. 1912. E. macraHfhus siibsp. mirus A. Nels. Proe. Biol. Soc. 
Wash. 17: 178. 1904. 

Perennial herbs arising from .simple or slightly braindied eaudiees, eom- 
monly bearing tufts of radieal leaves at the ends of short rhizomes; stems 1 
or several, 1.5-6 dm. high, glabrous below, glandular in the infloreseenee; 
leaves more or less trijile-nerved, few, eommoiily shorter than or barely ex- 
eeeding the internodes, obtuse or aeiite, apieulate, entire or some, espeeially 
the lower, deiitieulate or erenulate, not ciliate on the margins, or the lower¬ 
most but slightly so toward the ba.ses of the petioles; basal and lowermost 
cauline leaves glabrous, persistent, oblaneeolate to oval, rather abruptly 
narrowed to winged petioles, the blade and petiole 3-15 cm. long and 10-33 
mm. wide;’^ middle cauline leaves smaller than or equalling those below, 
lanceolate to oblong or ovate, glandular; heads mostly 1-7, rarely as many 


i Here and elsewhere figures for width of leaf refer to maximum width of blade. 
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as 16, commonly cymose and borne on nearly naked peduncles, the discs 
11-19 mm. wide and 6-10 mm. high; phyllaries in one or two equal series, 
glandular, occasionally with a few long hairs, the outer ones broad, mostly 
0.8-1.3 mm. wide, acuminate, the tips appressed or a little loose; ligules com¬ 
paratively few, mostly 40-80, 1^2 mm. wide and 12-20 mm. long, blue or 
rose-purple, rarely white; pappus double, the outer setulose and sometimes 
very scanty. Mountains; southern Wyoming, Colorado, Utah, New Mexico, 
and Arizona. Not common. 

Erigcron superbvs has sometimes been regarded as conspecific with E, 
eximim Greene, which was published several years before E. superhns. 
Through the kindness of Dr. Theodor Just, the type of E. eximins in the 
Greene herbarium at Notre Dame has been carefully checked and photo¬ 
graphed. It is E, ffyrmosissimns, variety imeidtis, with which E. aupcrhns 
intergrades to some extent. 

2. Erigeron speciosus (Liiidl.) DC. Prodr. 6: 284. 1836. 

Perennial herbs with more or less branched woody caudices; stem 1.5-8 
dm. high, glabrous, or sometimes slightly hairy or glandular in the inflores¬ 
cence, usually with a few hairs just under each head; leaves commonly but 
not always triple-nerved, entire but with ciliate margins, the cilia sometimes 
very few or present only along part of the margin, glabrous or sometimes 
with a few hairs along the main veins, the basal and lowermost canline ones 
oblanceolate to broadly spatulate, narrowed to winged petioles, the blad(‘ and 
petiole mostly 5-15 cm. long and 4-20 mm. wide, usually deciduous or with¬ 
ered by flowering time; middle cauline leaves as large as the lower, oi* com¬ 
monly larger, narrowly lanceolate or oblong to broadly ovate or oval, acmtc* 
or sometimes obtuse, apiculate, sessile, 8-11 cm. long and 5-28 mm. wide; 
upper leaves usually not markedly reduced, narrowly lanceolate to broadly 
ovate, occasionally minutely glandular; heads 1-18, cymose or cymose- 
paniculate, the discs 6-13 mm. high and 11-22 mm. broad; phyllaries in 
about two equal series, glandular and sometimes with a few long liairs, the 
outer ones mostly 0.4-0.8 mm. wide, acuminate or attenuate, the tips loose; 
ligules numerous, about 75-150, about 1 mm. wide, 9-18 mm. long, blue, 
rarely white; pappus double, the outer commonly setulose. Mountains and 
Avoodlands; southern British Columbia and Alberta to northern Oregon, 
eastward and southward to Montana, western South Dakota, New Mexico, 
and Arizona; an isolated station in the Sierra San Pedro Martir, Baja 
California. 

1. Uppermost leaves Ijuiceolate; phyllaries commonly with a few hairs a. var. typicus 
1. Uppermost leaves ovate; phyllaries without hairs . b. var. inacranthus 

A 

2a. Erigeron speciosus (Lindl.) DC. var. typicus, Cronqui.st var. nov. 
Stcnactis speciom Lindl. Bot. Reg. 17 : pi. 1577. 1833. E. iiprcioHu.<i DC. 
Prodr. 6: 284, as to type. 1836. E. salicmtis Rydb. Bull. Torres- Club 
125. 1905. 

Stem sometimes slightly hairy above; uppermost leaves lanceolate, often 
strongly ciliate all around, sometimes with a few hairs on the surface; phyl- 
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laries commonly with a few hairs. Range of the species, but most common in 
British Columbia, Washington, Oregon, and northern Idaho. 

2b. Erigeron speciosus (Liiidl.) DC. var. macranthus (Nutt.) Cron- 
quist, comb. nov. E. macranthus Nutt. Trans. Am. Phil. Soc. II. 7: 310. 
1841. E. Yreelandii Rydb. Bull. Torrey Club 32: 125. 1905. (See note 
under E, platyphyikis Greene.) E. eurephaloides Greene, Leafl. 2: 216. 
1912. E. leiophyilus Greene, Leafl. 2: 218. 1912. 

Stem commonly glabrous except directly under the heads; uppermost 
leaves ovate, rarely strongly ciliate all around, not at all hairy on the sur¬ 
faces; phyllaries without hairs. Range of the species, but most common from 
Idaho and Montana southward. 

E speciosus and E. 7nacranthus have Jong been accepted as distinct spe¬ 
cies, the former snj)posedly found in the Pacific Northwest, the latter in the 
Rocky Mountains. Rydberg, and later Blake, recorded E. speciosus from the 
Rocky Mountains, and shortly thereafter Blake named s])ecimens from 
Washington E. maerauthns. Examination of the two forms indicates that 
there is some degree of range (*orrelation, but that either may be expected 
occasionally in any part of the range. The distinction betw(‘en the two forms 
is indeed so tenuous that a good case could be made out for com])lete reduc¬ 
tion of E. macranthus to synonomy. Its status as a variety is very weak. 

3. Erigeron platypiiyllus Greene, Leafl. 1: 145. 1905. E. foliosissimus 
Greene, Leafl. 2; 194.1912. E. patens Greene, Leafl. 2: 194.1912. E. rudis 
Woot. & Standi. (Vmtr. U. S. Nat. Herb. 16: 184. 1913. E. seunrasus Woot. 
&.Standl. (kmtr. S. Nat. Herb. 16: 185. 1913. 

Perennial herbs with branched woody caudices; stems coarse and stout. 
3-8 dm. high or more, only rarely less than 5 dm. high, ])ubescen1 at least 
above Avith long stiffly spreading hairs, often glandular as well; leaves 
crowded, more or less triple-nerved, entire but with strongly ciliate margins, 
at least the middle am^ upi)er ones rather densely glandular or more com¬ 
monly glandular-scabrous, rarely with a few long hairs along the midribs, 
the basal and lowermost cauline ones oblaneeolate to spatulate, narrowed to 
winged petioh‘s, the blade and ])etiole mostly 4—15 cm. long and 7-25 mm. 
Avide, often deciduous or Avithered by floAvering time; middle cauline leaves 
as large as those below, lanceolate to oblong or ovate, sessile, 4—11 cm. long 
and 10-25 mm. Avide, u])])er leaves not markedly reduced, narroAAly lanceo¬ 
late to narrowly ovate; heads 1-22 in a usually short and broad leafy cyme 
or cymose panicle, the disks 10-15 (rarely 18) mm. AAude and 5-9 mm. high; 
phyllaries in about tAvo equal series, glandular and sometimes Avith a fcAv 
long hairs, the outer ones mostly 0.5-0.9 mm. Avide, noticeably broadest near 
the bases, acuminate, the tips a little loose; ligules numerous, mostly 75-150, 
about 1 mm. wide and 9-17 mm. long, blue or rarely rose; pappus double. 
Mountains and woodlands; Ncav Mexico and Arizona. 

This species has long passed as a form of E, ynacranthiis. The glandular- 
scabrous leaves and conspicuous spreading hairs on the stem adequately set 
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it off from that form, althouf?h intermediates may be found. Dr. S. F. BJake 
has recently used the name E, patens Greene for this species. Unfortunately, 
E. plafyphyllus Greene antedates E. patens, and hence must be used, al¬ 
though the cited type is not a very representative form of the species. 

E. Vreelandii Rydb., the type of which comes from southern Colorado, 
just outside the known range of E, platyphylhts, was published several 
months before E, plaiyphyllus. An isotype at hand has distinctly glandular 
middle and upper leaves, as in E. platyphyllus, but lacks the characteristic 
spreading hairs on the stem. Probably it represents an extreme form of E. 
spcciosus var. niacramthus, the uppermost leaves of which are sometimes 
very finely glandular. Possibly it may be a hybrid, but I have seen no speci¬ 
mens of E, platyphyllus from the area in which it was collected. 

4. Erigeron uintahensis Oronquist, sp. nov. 

Perennial herbs with more or less branched woody caiidices; stem 2-5 
dm. high, glandular at least above, rather sparxsely pubescent throughout 
with spreading several-celled hairs sometimes as much as 2 mm. long; leaves 
entire, but with ciliate margins at least toward their bases, the basal and 
lowermost cauline ones villous-hirsute, sometimes also glandular, oblance- 
olate, tapering gradually to winged petioles or petioliforrn bases, the blade 
and petiole mostly 4—10 cm. long and 6-18 mm. wide, often deciduous by 
flow’ering time; middle cauline leaves as large as those below, or larger, ob¬ 
long or lanceolate to ovate or oval, sessile and somewhat clasping, 3-10 cm. 
long and 8-20 mm. wide, more or less glandular and sparsely long-hairy; 
upper leaves not markedly reduced, ovate or lanceolate, glandular and com¬ 
monly with a few villous hairs; heads 1-5, cymose, the disks 6-9 mm. high 
and 12-18 mm. broad in pressed specimens; phyllaries in about two equal 
series, densely glandular and bearing a few villous hairs, the outer ones 
mostly 0.5-0.9 mm. wide, acuminate or attenuate; ligules numerous, about 
75-125, about 1 mm. wide, 9-15 mm. long, blue or rose-purple; pappus 
double. Uintah Mountains and adjacent area, extending down the Wasatch 
and adjacent chains to Marysvale, occasional in southern Wyoming. 

Herba perennis 2-5 dm. alt a parce villosa pilis flcxis dispan sis eerie supra 
glandnlosa aeqnahiUier folima foliis integris, capiinlis 1-5 discis 6-9 mm. 
altis 12-18 mm. laiis, hraetcis 2-seriatis valde glandnlosis et parce villosis, 
ligulis 75-125, t mm. laiis 9-15 mm. longis caernleis, pappo duplico, acha- 
enm 2’nervosis. 

Type : Pay son 4894. Mill Creek, foothills of the Uintah Mountains, sandy 
river bottom, 8200 feet, July 4, 1926, Summit County, Utah; in the Rocky 
Mountain herbarium. Isotypes in the herbaria of the University of Cali¬ 
fornia, thg Missouri 'Botanical Garden, the United States National Her¬ 
barium, and Washington State College. 

Cotype : Goodman & Hitchcock 1548. Bear River Valley, dry sagebrush 
flats, 7900 feet, July 9-13, 1930, Summit County, Utah; in the herb^aria of 
the University of California, the University of Minnesota, the Missouri 
Botanical Garden, and the Academy of Natural Sciences of Philadelphia. 

This endemic has until now passed unrecognized, having been identified 
by various individuals as E. speciosus, E. macranthus, E. viscidus, and E. 
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snhtrinervLs, often with a (inestion mark. It is apparently not uncommon in 
the lower part of the Uintah Mountains, from which about a dozen collec¬ 
tions are known. Two ('ollections are known from adjacent Wyoming, and a 
few from the Wasatch Mountains and their southern extensions. In the 
Uintahs it is surprisinjily (‘oiistant in appearance, but some specimens from 
the Wasat(‘h are dubious and perhaps intermediate with E. speciosus or 
E, Sill)trinf'rvis. fts closest relative seems to be E. platyphyUns, and the trail 
of atypical specimens down the Wa.satch may represent remnants of an 
earlier link between the two forms. 

5. Erigeron srBTRiNKRVis Hvdb. ]\Icm. Torrey C'lub 6: 238. 1894. 

Perennial herbs with more or less branched woody caudices; stem 1.5-9 
dm. hi<>h, ])ubescent throuj^hout with spreadiiijr hairs; leaves more or less 
triple-nerved, entire but with eiliate margins, densely pubescent along the 
veins or more or less [)ubescent throughout, the basal and lowermost cauline 
ones mostly oblanceolate, narrowed to winged petioles, the blade and petiole 
mostly 4-13 cm. long and 5-23 mm. wide, often deciduous by flowering time; 
middle cauline leaves as large as those below, narrowly lanceolate or oblong 
to broadly ovate, sessile, 3-8 cm. long and (>-27 mm. wdde; upper leaves not 
markedly reduced, narrowly lanceolate to ovate, rarely a little glandular; 
heads 1-21, cymose oi* cymose-paniculate, the disks 6-9 mm. high and 13--2() 
mm. broad; phyllaries in about two e(jual series, glandular and more or less 
hirsute or villous, the outer ones mostly ().4-0.7 min. wide, acuminate or 
attenuate, the tips loose; ligules numerous, about 1()()-150, about 1 mm. 
wide, 7-18 mm. long, blue or rose-purple; pa])pus double, the outer com¬ 
monly s(dulose. Mountains and woodlands; Washington and Idaho, east to 
western South Dakota and Nebraska, and south to Utah and New Mexico. 

1. of the stoiii :uid U*a\CH I’oninioiily rather druse and iiiiifornilv 

distrihuted, not oliviously denser along llie \eins; longer hairs of the stem 

mostly ahoiit 1 mm. long or less a. subsp. ftfiJicas 

1, Ihibeseenee of the stem and h‘aves eommonly rather s})arse and long, on 

the leaves often eontined ehielly to the luaigins and larger veins; longer 

hairs on the stem mostly 14 nun. long or more b. subsp. conspiciais 

5a. Erigeron suhtrinervis Rydb. subsp. typicus Croinpiist, subsp. nov. 
E. olahvUus Nutt. var. mollis (tray, Proc. Phil. Acad. 1863: 64. 1864. E. 
subtrinirvis Kydb. Mem. Torrey Club 6: 238, as to type. 1894. E. iuca- 
nesccns Rydb. Bull. Torrey Club 28: 23, 1901. E. Bakcri Woot. & Standi. 
Contr. U. S. Nat. Herb. 16: 185. 3913. 

Pubescence commonly uniformly distributed and rather dense, if sparse, 
that on the leaves not confined to the margins and larger veins; longer hairs 
of the stem mostly 1 mm. long or less, or if obviously longer, then the leaves 
very densely pubescent. Wyoming, Utah, and New Mexico, east to western 
Nebraska and South Dakota. 

5b. Erigeron suBTRiNERVis Rydb. subsp. conspicuus (Rydb.) Cronquist, 
comb. nov. E. conspicnus Rydb. Mem. N. Y. Bot. Card. 1: 400. 1900. E. 
villasulus Greene, Leaf!. 2: 215. 1912. 
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Pubescence sparse and loiij?, that on the leaves denser on the margins 
and main veins, and sometimes confined chiefly thereto; longer hairs on the 
stem mostly mm. long or more. Washington, Idaho, Montana, and north- 
'western Wyoming. 

Herbarium records, and my own limited field experience with it, indicate 
that this species frequents somewhat drier habitats than does its close rela¬ 
tive, E, speciosus, 

6. hlRiGERON FORMOSissiMUs Greene, Bull. Torrey Club 26; 121. 19 Mr 
1898. 

Perennial herbs with simple or .somewhat branched caudices and fibrous 
root systems; stems 1-4 (rarely 5.5) dm. high, usually curved or decumbent 
at the base, more or less glandular at least above, with or without eglaiidular 
hairs; hirsute, glandular, or glabrous below; basal and lowermost cauline 
leaves commonly glabrate or with long scattered hairs, sometimes densely 
pubescent, oblanceolate or spatulate to oval, entire, commonly rounded or 
obtuse at the tips, sometimes acute, abruptly narrowed to winged petioles 
or petioliform bases, the blade and petiole if present mostly 2.5-15 cm. long 
and 4-15 ram. wide; middle stem leaves lanceolate or oblong, sometimes 
ovate, commonly somewhat smaller than the lower ones, mostly 2-6 cm. long 
and 4-16 mm. wide, glabrate or somewhat hirsute, the margins ciliate; upper 
stem leaves reduced, linear or lanceolate to ovate, the uppermost generally 
less than 15 mm. long, glandular-scabrous or more or less hairy or both; 
heads 1-6, cymose, the disks 10-20 mm. broad and 5-10 mm. high ; phyllaries 
in two or three series of about equal length, linear, the outer ones mostly 
0.7-1.1 mm. wide (in var. viscidns sometimes only 0.6 mm. wide), acuminate, 
glandular or viscid and often hirsute; ligules numerous, approximately 75- 
150, 8-15 mm. long and about 1 mm. wide, blue, rarely pink or white; pappus 
double, the outer setulose and sometimes very scanty. Meadows and open 
ground in the mountains, often at high altitudes. Arizona, Nc'w ]\Iexico, 
Utah, Colorado, Wyoming, and the Black Hills of South Dakota. 

6a. Erigeron formosissimus Greene var. typicus Cron(|uist, var. nov. 
E. formoaissimm Greene, Bull. Torrey Club 26: 121, as to type. 1898. E, 
hirtvosns Greene, Leaf!. 2; 209. 1912. E. stihasjxr Greene, Leafl. 2: 195. 
1912. E. fruticetorum Rydb. PI. Rocky Mts. 906. 1917. 

Involucre glandular and more or less densely hirsute, the long hairs some¬ 
times so numerous as to obscure the glands; basal leaves frequently acuitish; 
uppermost leaves long-hairy or nearly glabrous, with strongly hirsute-eiliate 
margins, commonly not at all glandular; upper part of the stem glandular 
and with long spreading hairs. Range of the species. 

6b. Erijgeron formosissimus Greene var. viscidus (Rydb.) Cronquist, 
comb. nov. E. grandifloms Nutt. Jour. Phila. Acad. 7: 31. 1834. Not E. 
grandiflorus Hook. 1834. E. eximins Greene, Pittonia 3; 295. March 29, 
1898. See note under E. mperhus. E. viscidns Rydb. Bull. Torrey Club 28: 
24. 1901. E, Gulielmi Greene, Leafl. 2; 195. 1912. E. iodanihus Greene, 
Leafl. 2: 209. 1912. E. ruhicnndus Greene, Leafl. 2: 209. 1912. E. scabe- 
ruins Greene, Leafl. 2: 212. 1912. E, Smithii Rydb. Bull. Torrey Club 32: 
125.1905. 
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Involucre densely glandular, sometimes also with a few lonp: hairs; basal 
leaves rarely if ever aeutish; uppermost leaves glandular-scabrous, com¬ 
monly without long hairs except for the ciliate margins; upper part of the 
stem glandular, with or without long spreading hairs. Tiange of the species. 

Forms of E, formosissimusi var. typieus are frequently rather tall, with 
the u])per leaves comparatively little reduced, thus seemingly approaching 
E. suhtrincrvis. These may be distinguished from that species, how’^ever, by 
the compai'atively wide jiliyMaries with mostlj^ appressed tips. 

7. Ehkjeron GLAiiELLrs Nutt. (len. PI. 2: 147. 1818. 

Iliennial or perennial herbs with simple or slightly branched caudices 
and fibrous root syst(‘ms; stems ere(*t, 1-5 (rarely 7) dm. high; herbage 
siiarsely to densely hirsute or strigose with appressed or spreading hairs; 
basal and lowermost cauline leaves oblaiiceolate, entire or irregularly 
toothed, a<*iite to obtuse or rarely rounded at the tips, tapering gradually 
to winged petioles or ])etioliform bases, the blade and petiole if present 
mostly 4-15 cm. long and 3-15 mm. wide; middle stem leaves linear or lance¬ 
olate. usually conspicuously smaller than the low'er ones, often bract-like; 
heads 1-15, cymose, usually on long in»arly naked peduncles, the disk 10-20 
mm. broad, 6-13 mm. high; ])hyUaries in two or three series of about the 
same length, sometimes somewiiat imbricat(‘d, linear, the outer ones mostly 
0.5-0 0 mm. wide, acuminate, hirsute or .strigose, not glandular, appressed; 
ligules numerous, about 125-175, 8-15 mm. long, about 1 mm. wide, blue or 
pink, less (‘oinmonly wiiitc; ])appus double, the outer setulose and sometimes 
very sc^anty. Meadow’s, ])rairies, and open ground; Alaska and Nortlnvest 
Territory, south to Montana, Utah, South Dakota, and AVi.sconsin. 

1. Pubcsi'i’iii'f appi’fsscd or closely ascending a. subs]). 

1. Pul»escenc(‘ Mjn-eading b. subsj). ptihcscrns 

7a. Erigeron glabellus Xutt. subsp. typieus (i'oiKpust, sub.sp. nov. E. 
a.^per Xutt. (len. PI. 2: 147. 1818. E, (jlabvUus Xutt. Uen. PI. 2: 147. 1818. 
E. ohlanccoUiins Kydb. 'Bull. Torrey Plub 24: 204. 1897. E. (inicularvm 
(Ireene, Leaf!. 2: 215. 1012. E. atiicidanon (Ireene var. lafiusndus (Jreene, 
Ijeafl. 2: 216. 1012. E. nnilficolor Lunell, Am. Midi. Xat. 2: 255. 1012. 
E, ohscurus Lunell, Am. Midi. Xat. 2: 256. 1012. E. asper Xutt. var. ap- 
pressKs Lunell, Am. Midi. Nat. 3: 3. 1013. E. oUyodoidus Lunell var. 
(icnmi)uifus Ijiinell, Am. Midi. Nat, 3: 4. 1013. E, suheosfatus Lunell, Am. 
Midi. Xat. 3: 5. 1013. 'fcssvHia ylabcUa LtnwU, Am. Alidl. X^at. 5: 50. 1017, 

Most of tlie names in the above list Avere transferred to Tcsseiiia by 
Lunell in 1017. 

Pubescence ap])ressed or closely ascending, mostly short and fine; cross- 
w’alls of the hairs not at all conspicuous if present. Colorado, South Dakota, 
and Utah, north to southern Manitoba and Saskatchewan. 

7b. Erigeron glabellus N^^tt. subs]), pubescens (Hook.) Cronquist, 
comb. nov. E, glabellus Xutt. 3 pubesvens Hook. FI. Ihir. Am. 2: 10. 1834. 
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E, consohrmiis Greene, Pittonia 3: 186. 1897. E, f rat emus Greene, IMt- 
tonia 3: 162. 1897. Not E, fraternns Greene, Pittonia 2: 169. 1891. E. 
Drummondii Greene, Pittonia 3: 295. 1898. E, Earlei Rydb. Bull. Torrey 
Club 32: 126. 1909. E, abruptorum Lunell, Ain. Midi. Nat. 3: 13. 1913. 
E. anodontus Lunell, Ain. Midi. Nat. 3: 6. 1913. E. asper Nutt. var. sub- 
integer Lunell, Am. Midi. Nat. 3: 143. 1913. E. oligodontm Lunell, Am. 
Midi. Nat. 3: 4. 1913. E. oxyodontns Lunell, Am. Midi. Nat. 3: 3. 1913. 
E, procerus Lunell, Am. Midi. Nat. 3: 5. 1913. Tessenia glabella Lunell 
var. subdiscoidea Lunell, Am. Midi. Nat. 6: 59. 1917. 

Most of the names in the above list were transferred to Tessenia by 
Lunell in 1917. 

Pubescence spreading, particularly on the stem, often lon<r> and (*oarse; 
cross-walls of the hairs often highly conspicuous. Alaska and Northwest 
Territory south to Montana, North Dakota, and Wisconsin; also in Colorado. 

E. glabellus subsp. pubescens occurs quite commonly in the mountains 
of Colorado in the same p^eneral area that is oc(*u])ied by subsp. typicus. 
The hypothesis is advanced that subsp. pubescens, the ancestral form of the 
species, migrated north across the plains after the retreating glaciei’s, giving 
rise to subsp. typicus somewhere in the early ])art of the migration. Some 
plants of subsp. pubescetts remained in the central Rocky Mountains and 
moved upward in altitude as the climate warmed. These now persist as an 
island surrounded by i)lauts of subsp. typicus. 

Dr. Joel Lunell segregated a large number of “new species“ from E. 
glabellus. Frequently both subspecies are represented in his tyi)e collections, 
as he worked in an area where the two merge. The reductions made here are 
based on his type sheets in the University of Minnesota herbarium. 

University op Minnesota 
Minneapolis, Minni:sota 
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A TAXONOMIC REVISION OF THE GENUS 
HOLODISCUS (ROSACEAE) 

Arline Ley 

INTRODUCTION 

The revision of tlie jreiius Holodiscus was sufi’^ested to me as a taxonomic 
])rob]em by Dr. Philip A. Munz of Pomona Collejie, to whom I wish to 
express the deepest prratitude for invaluable ^iiidanee and aid. I am also 
indebted to Mr. G. L. Wittroek of the New York Botanical Garden and to 
Miss Ruth Sanderson of the Gray Herbarium who have sent me important 
orif?inal descriptions of many species. I should like to thank those in charge 
of the followinjr herbaria who have kindly loaned their material for this 
study: 

California Academy of Sciences (('A8), 

University of Michijran (MICH), 

New York Botanical Garden (NY), 

Pomona Colle<»e (POM), 

Santa Ana Botanical Garden (RSA), 

University of (California at Los Anjreles (LA), 

United States National Herbarium (US)—Mexican and South 
Ameri(‘an specimens. 

Abbreviations followinj** the above names are those used in this paper in 
citation of sj)ecimens. 

HISTORY OF THE GENUS 

The plants now i-eferred to the genus Holodiscus were originally included 
in th(* genus Spiraea. The type sj)ecies of the genus, collected in Neiv 
Granada (now Colombia) by Mutis, was described as Spiraea argeuiea by 
Linnaeus f., Suppl., 261 (1781). In 1836 Rafinesque applied the name 
Schizonofus to the species Spiraea discolor Pursh (FI. Am. 1: 342. 1814). 
In New FI. 3: 74 (1836) he state<l that he ‘‘adopted the Genus and name 
Schizouolus upon the suggestion of Lindley,^’ but he did not know how the 
name “split back“ applied “unless the capsules open outside.“ lu Sylva 
Tell., 152 (1838) he applied the name Sericotheca (from the Latin, “silky’^ 
and “case,'^ referring to the hairy carpels) based on the species Spiraea 
argentea. The name Schizouolus Lindl. had already been established as a 
synonym for Spiraea Lindleyaua Wall, by Lindley (ex Wall. Cat. n. 703. 
1830), but had become obsolete. Rafinesque took the name and applied it 
here. 

The name Holodiscus (from the Greek, “wholeand “disk,’' referring 
to the entire disk of the flower) w’as first applied to this group by Koch, 
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Dendr. 1: 309 (1869), who made it a section under Spiraea^ based on Spiraea 
ariaefolia Smith (in Rees, CyeL 33: no. 16. 1819). Maximowiez, Acta Hort. 
Petrop. 6: 253 (1879), used the name Holodiscus in the tribe Potentilleae. 
It was later placed in a special tribe, Holodisceae, by Pocke in Bugler and 
Prantl, Nat. Pfl. 3 (3) : 18 (1894). Foeke separated the genus from Spiraea 
because of the one-seeded indehiscent fruit. He recognized two species, H. 
discolor (Pursh) Maxim, and H. argenteus (L.f.) Maxim. 

In 1891 0. Kuntze, Rev. Gen. 1: 225, again used the name Schizonoins 
for the genus and recognized only one species, Schizonoins argenieiis (L.f.) 
Kuntze, wdth ten varieties. Schneider, Handb. Laubh. 1: 495 (1905), in his 
treatment of the genus placed it under the subfamily Holodisceae,- calling 
the genus Holodiscus. He 'was not satisfied with Kuntze’s treatment of the 
group and recognized five species wdiich he divided into two main types: 
those of the United States, and those of Mexico and South America. His five 
species included: II. discolor, H. dumosus, H. australis, H. fissus, and II. 
argcriteus. 

The genus was last revised as a whole by Rydberg (N. Am. PI. 22: 261. 
1908) who revived the name Scricothcca and placed the genus under the 
tribe Holodisceae. He recognized fourteen species: 9 ITnited States and 5 
Mexican and South American species. Schizonoins Raf. has now been re¬ 
jected, and Holodiscus Maxim, is placed in the Nomina Conservamla of the 
International Rules of Botanical Nomenclature, 98 (1935). 

CHARACTERS USED IN CLASSIFICATION 

The species of the genus Holodiscus are found to intergrade to some 
extent in most cases. The most consistent character used in classificatioji is 
the leaves. The size, shape, pubescence, and glandular (*ondition of th(» leaves, 
as well as the nature of the petiole and teeth, are the important key charac¬ 
ters ill the genus. While these intergrade to varying degrees, the groups can 
usually be readily separated on this basis. The length and shape of the 
sepals are not consistent throughout, although Rydberg used these to sepa¬ 
rate certain species. In the same way the nature of the inflorescence is not 
consistent enough to be used in distinguishing species. The pubescence on 
the backs of the petals proves to "be denser in some species and is a fairly 
reliable character in separating the United States, forms from those to the 
south. 

In general, two principal groups might be separated: one ranging from 
British Columbia through western United States to northern Mexico; and 
another, from central Mexico south to Colombia. The southern group is dis¬ 
tinct in having long, pointed mucros on the teeth which are often bent, in 
the greater length of the leaf-blades as compared to the width, and in the 
greater pubescence on the outer surface of the petals. 
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DESCRIPTION OP THE GENUS 

Holodiscus Maxim. Acta Hort. Petrop. 6 : 253. 1879; Kuntze, Rev. Gen. 
1: 225. 1891; Eiifrler & Prantl, Nat. Pfl. 3(3): 18. 1894; Schneider, Handb. 
Laubholzk. 1: 495. 1905. 

Spiraea ^ T1 olodiscus K. Koch, Bciidr. 1: 309. 1869. 

Spiraea Spiraria, Bcr. in DC. Prod. 2: 544, in j)urt. 1825. 

Spiraea Endlicher, Gen. PI. 1247, in part. 1840; Benth. & Hooker, Gen. PI. 1(2) : 611. 
1865; Brewer & Wats. Bot. Calif. 1: 170. 1876. 

Schisonotvs Baf. New PI. 3: 74. 1836. Not Sehisonoltin Lindl. 1830; PijKW, Contr. 
IT. S. Nat. Herb. 11: 330. 1906. 

Serieofhrea Bat*. Sylva Tell. 152. 1838; Bydb. N. Am. FI. 22: 261. 1908. 

Sepals 5, 3-nerved, valvate in the bud, erect in fruit. Petals 5, short- 
clawed or rounded. Hy]ianthium saucer-shaped, adnate to base of calyx; 
disk entire. Stamens usually 20, inserted on disk with 3 stamens opposite 
each petal, one opposite each sepal; anthers didymous. Pistils 5, distinct, 
alternate with sepals, villous, inserted on center of disk, sessile; styles ter¬ 
minal; ovules 2, collateral, pendulous. Fruit indehiscent, one-seeded, enclosed 
in tin* (*alyx, short-stipitate, laterally flattened, villous, membranaceous, 
('aducous, convex on lower suture. Seeds pendulous, broadly oblong, with 
double coat, thin endosperm; embryo with superior radicle and ovate 
cotyledons. Shrubs or small trees, spreadinjr, to 7 m. tall, with alternate, 
simple, toothed leaves; stipules lackin«‘. Inflorescence terminal with whitish 
or pinkish flowers, villons, racemose or ])aniculate. 

Type species: II. ((r(j(}ifeiis (L.f.) Maxim. The ^enus is distributed from 
Canada south throii^diout western United States to South America. 

KEY TO SPK<TES 

A. Tcctli ending in a short, straight, rounded inucro; jKdals with a few long 
liairs-al outer base; stamens longer than sepals. 

B. Leafddades toothed along sides ladow middle, elliptic to orbicular, 

not obovate. 

(\ Leaves elli])tic to elliptic-ovate or ovate, longer than broad, with 
3-6 teeth on each side, usually deeply toothed, glabrous or with ji scat¬ 
tered jinbesceiice above. ^ 

I) . Leaves not decurrent on petiole but contracted at base form¬ 
ing a distinct petiole, teeth usually divided 3-6 times e.xcept in 

var. (Iehf()rtensi.s. Coastal British Columbia to Southern Calif. 1. Jf. (hseolor, 

J) J). Leaves decurrent on petiole, teeth usually simple, rarely 
doubly divided. 

E. Leaves deeply toothed, teeth nariow, leaf blades narrowly 
cuneate at base. Wyoming to Arizona and C3iihuahua 2. IT. dumosus. 

EE. Leaves not d<*e])ly toothed, teeth broad and rounded, leaf 
blades very broad at base, abruptly contracted. ValUy of 
Mexico 3. //. pachpdi.^cus. 

CC. Leaves broadly ovate to orbicular, almost as broad as long, with 
3-4 teeth on each side, not deeply tootlied, pubescent to villou,s above, 
blades abruptly contracted, forming a short winged petiole. Mts. of 
California 4. iZ. Bounsieri. 

BB. Leaf-blades toothed at top, rarely to middle, obovate to spatulate. 

Mts. from Oregon to Baja California 5. II. mierophtdlus. 
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AA. Teeth ending in a long, pointed, often bent mucro; petals with a scat¬ 
tered, often dense pubescence on outer side; stamens not longer than sepals. 

B. Leaf-blades acute at apex, linear to lanceolate, tomentose to villous 
beneath. 

C. Leaf-blades 4-5 times as long as wude, almost entire, the teeth 

scarcely noticeable. Orizaba 6. JJ, ormthac, 

CC. Leaf-blades 2-3 times as long as wide, coarsely toothed. 

Michoacdn and Guerrero (Mexico) to Guatemala . 7. JI. 

BB. Leaf-blades obtuse to rounded at apex, oblanceolate to obovate, 

white silky beneath. Oaxaca (Mexico) to Colombia 8. TI. arpriilrus, 

TREATMENT OP SPECIES 

1. Holodiscus discolor (Pursh) Maxiiii. Acta Hort. Petrop. 6: 254. 
1879. 

A tall spreading shrub, 1.5-6 m. tail; bark of older branches dark-reddish 
to chestnut brown, becoming: dark gray and exfoliating;; young- twigs light, 
straw-colored, pubescent, even villous; internodes about one-half the length 
of leaves; leaf-blades ovate to ovate-elliptic or -oblong, either truncate or 
cuneate at base, not decurrent on the distinct petiole, the apex rounded to 
obtuse, teeth deep, broad and round, ending in a short niucro, usually with 
4-6 teeth on each side, each tooth divided 1-6 times except in var. drinor- 
fensis, the leaves gray-green to green above, sparingly pubes(*ent. usually 
paler beneath, pubescent to villous or tomentose, the leaf-blades 3.0-8.0 cm. 
long and 2-7 cm. wide; petioles 0.5-2.5 cm. long; infloi'escence .spreading, 
dense, very compound, villous, 5-25 cm. long, and 5-25 cm. wide; jiedicels 
1.5-3.0 cm. long, with linear bracts 1 mm. long; sepals triangular-ovate to 
elliptic-ovate, acute to obtuse at apex, 1.5-2.0 mm. long; petals oval, 2 mm. 
long, with several hairs on the outer base; stamens longer than sepals; car¬ 
pels very villous, up to 1.5 mm. long; styles up to 1 mm. long; achen(*s with 
straight upper edge and very much convex lov^r edge. 

KEY TO VARIETIES 

Leaf-blades at least 4.5 cm. long, 3-7 toothed on either edge, mid with sliort 
pubescence on lower surface. British Columbia to Montana and Southern 
California ^ 3a. IT. (fuscolor var. tifpicus. 

Leaf-blad(*s less than 4.5 cm. long, 2-4 toothed on either edge, often with 
many long hairs beneath. 

Teeth of leaves compound, leaves grayish beneath, iietioles 5-8 mm. 

long. Houthern Oregon to Routhern California 1)>. II. flhcoJor vm-. fnuict.sca}ufft. 

Teeth of leaves usually simple, leaves whitish beneath, petioles ()“J2 mm. 

Jong. (Vater Lake, Oregon, to Del Norte Co., California. 

le. H. discohr var. drJnortfmii^. 


la. H. DISCOLOR var. typicus Ley, var. nov. 

Spiraea di^'^color Pursh, FI. Am. 342. 1814; SchizonuhiH discolor Raf. New FI. 3: 75. 
1836; Holodiams discolor Maxim. Acta Hort. Petrop. 6; 254. 1879; Schisfonotiis arfjcvfeus 
var. discolor Kuntze, Rev. Gen. 1: 225. 1891; Sericothcca discolor Hydh. N. Am. FI. 22: 
262. 1908; Spiraea ariaefolia Smith, in Rees’ Cycl. 33: no. 16. 1819; Spiraea discolor 
var. ariaefolia S. Wats. Bot. Calif. 1: 170. 1876; Schizonoius argenieus var. ariaefolius 
Kuntze, Rev. Gen. 1: 225. 1891; Schizonotus ariaefolius Greene, FI. Fran. 58,in part. 
1891; Schizonoius discolor var. Purshianus Rohder in Bailey, Cycl, Am. Hort. 4: 1627. 
1902. 
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Illustration: Fij^iire 8. 

Leaf-blades broadly ovate with a tnuieate base, to ovate-elliptie with 
cinieate base, villous-pubeseeiit to tonientose beneath, 4.5-7 (10) em. lonjr, 
2.5-8 em. wide, the petioles 0.7-2 cm. lonjr; iiifloreseeiiee spreading, 7-20 
em. Joiij^, 5-20 em. wide. 

There has been a ^n*eat deal of confusion eoiUTriiing' the species Spirara 
arkiefolia Sm., S. discolor i^irsh and /S', dumosa Nutt. By some S. ariaefolia 
is treated as the coastal form, and /K. discolor Pur.sh and S, dnmosa Nutt, 
as the Rocky Mountain form. Other investigators feel that aS^. endaefolia Sm. 
and /S', discolor Pursh are in the same speedes, and the aS'. dumosa Nutt, is 
difiereut. From tlu* literature and specimens reviewed, it would seem that 
the Rocky Mountain material is very different from the specimens of the 
northwest. 1 liave not seen type material of S, duwosa Nutt., but from 
descriptions ol* Torrev (Ann. Lvc. N. Y. 2: 195. 1827), Torrev and Grav 
(FI. N. Am. 1: 416. 1840), and Hooker (Loud. Jour. Bot. 6: 217. 1847), I 
believe it to be entirely differejit from S. ariaefolia Sm. and aS. discolor 
l^ursh. These two are here considered th(‘ same form and are included under 
H. discolor var. iif])icus. 

TJiis variety (‘annol be clearly distinjruished in all cases from var. 
franciscanits. The two inter^rade in the size and thiekness of the leaves in 
the counties about San Francisco Bay, as for example do tlie followinji* 
specimens from that region: Jjeona, Alameda (^)., Michnicr and Hiolctfi in 
(NY) ; Oakland Hills, near San Francisco, Alameda Co., Torrcij 
(NY); and Los Troncos (h*eek, San Mateo Co.. Uerrp in 1!)()P (POM). 
These spe(‘imeus resemble var. franciscanits in leaf form, but are 4.5 cm. 
lonji’. There are a few forms which might be imduded with var. franciscanus 
because of their small leaf size, such as the specimens: Monta.na: Biglork, 
Flath(»ad Jjake, Flathead Co., Jones SdOO (IMIM) ; and Flathead Valley, 
MacDouffal 7o7 (NY). B.(\: (loldstream, Vancouver Is., Macoun in 1SH7 
(NY). \VAsniN(iTON: Friday Harbor, San Juan ('o., llclhr P70 (Lx\, NY) ; 
Ta(*oma, Pierce (\)., Mdhs in JSSd (NY). Okkcjon: unknown localitv, 
Hpaldimj (NY), Mt. Hood, Jones in 1H97 (POM); the Dalles, Wasco (\*)., 
Jones in '18P7 (POM). However, I feel that these are exceptions and should 
b(* included under var. fppicas be(‘ause of the very broad inflorescence and 
the thin leaves in most (^ases, as well as be(‘ause of their distribution. 

Type ccllci'lcd by Li-wis im tlic brinks of the Kooskoosky, Idaho. Uaiige, along 
streams, on j'oeky hillsides or in open woods, betANei'ii .10 and 4,100 fi*et, fiom H. (\ to 
Mont, and Coastal S. (^alif. Prprrst Htativr matrnal: Moxtaxa : ITiteheock 1071, 1880. 
Idaho: MacDouyal 170, Lrihtra Join, Alton 0171, Sandbrrff E. Jones 0.'S\:, Clark' 

J7I. H. (\: Eiuslwood tnnci, Maconn J IS' 17, J IS IS. VV xsiiiNU'roN : Elmer /Idler 

Alien J, Thompson USIS. Orkoon : Mencus, ]»;irt of tN])e eolleetion of anaefolni (.\V), 
Sheldon 70077, Jones IJUK (''\ueorni\: Heller 7.*//, Ilofl'man 6-/1, no. 0, Eastwood 0104, 
M n n S’ IS, A b ra n i s 17 J,I . 

lb. H. DISCOLOR viir. i-’ranciscani's (Hvdb.) Jeji.son, Kl. Calif. 2: 166. 
1936. 

Siririilhica franri.sciitKi Rydb., N. Am. FI. 22: 2(iw. 1008; UoIoiUkciik franciitcaiiiix 
R(‘li(U‘r, Jour. Arnold Arb. 1: 2(i0. li>20. 

Illustration: Figure 9. 

Leaf-blades thi(*k, usually broadly ovate with truncate base and rounded 
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apex, villous beneath, usually 3-4.25 cm. long:, 2-3 cm. wide, petioles 0.5- 
0.8 cm. lonj(; inflorescence 7-12 (18) cm. long:, 6-12 cm. wide. 

Type: San Leandro, Alameda Co., Calif., X. M. Underwood in J8S8 (NY). Bange, 
on open hillsides or along streams, between 300 and 2900 ft., 8. Ore. to Orange Co., Calif. 
Hepresenlathc maicrial: Oregon: Helkr 13070^ 13634. California: Butler 1643f Heller 
11343, 13363, 3723, AI)ra7nn 3920, Jonea 3379, Keclc 1793, Ehner 4274, Stark 2248. 

As has been noted above under the variety typicxis, there are a few plants 
found about San Francisco Bay which intergrade with that variety in leaf- 
size, for example: Eastwood 4733, Micherter & Bialetti in 1892, Carruth in 
1901. Because of their thick leaves they are placed under var. franciscanus, 
although rather large. 

Ic. H. DISCOLOR var. delnortensis Ley, var. nov. 

Folia ovata (*uin basi cuneato, supra grisea et piibescentia, infra toinen- 
tosa et alba, simplice dentata; laminis foliorum 1.5-3.5 cm. longis, 1-2 cm. 
latis; petiolis 0.6-1.2 cm. longis; infloresceiitia 6-14 cm. longa, 3-7 cm. lata. 

Illnsiration: Figure 10. 

Typb:: Parlingtonia, Smith River, Pel Norte (V)., Cnlif., II. E. d' S. T. Parks 24019, 
POM, no. 2o7430; isotype^ RAS, NY, CAS. Range from Crater Lake, Oregon to Del Norte 
Co., California; represented by: Oregon: Jones 7723, 7732. (\\iiiFORNiA : Ahrams Si36, 
Wolf 86 i, 9127, Eastwood 12193, 2131. 

This variety is very close to H. discolor var. franciscjmits, but differs in 
the very white appearance of the undersides of the leaves and in having 
simple teeth. There is a tendency for this group to liave a longer petiole as 
compared to the length of the leaf blade than in the other two varieties. The 
shape of the leaf is very characteristic, the leaf-blade being narrow at the 
top, broad near the base, and becoming cuneate. 

2. IIoLODiscTTs DUMOsus (Nutt.) Heller, Cat. N. Am. PI, 4. 1898. 

A spreading shrub, 1-3 m. tall; bark of older twigs dark red, later becom¬ 
ing dark gray and exfoliating; young twigs light, often straw-(*olored, very 
villous, the internodes from much ie.ss than, up to h'ligth of leaves; leaf- 
blades elliptic or elliptic-ovate with cuneate base decurrent on petiole, the 
apex rounded to obtuse, the teeth rather deej), usually simple, soinetim(\s 
double, ending in a short, blunt mucro, mostly with 3-6 teeth on each side, 
the leaves gray-green above and glabrous, or slightly pubescent between 
veins, either whitish beneath and both tomentose and villous with long silky 
hairs especially along veins, or sparingly pubescent beneath with gland 
droplets between veins, the leaf-blades 1-3.5 (5) cm. long and 0.5-2 cm. wid^, 
the petioles 0.2-1 (1.4) cm. long; inflorescence with spreading branches, 
compound especially in lower part, densely villous, 5-20 cm. long, 3-10 cm. 
wide; pedicels 2-3 mia. long, subtended by linear bracts scarcely 1 mm. long; 
sepals triangular-ovate, 1.5-2 mm. long; petals oval, rarely with several long 
hairs at base beneath, 2 mm. long; stamens slightly longer than sepals; 
carpels very villous, 1 mm. long; styles 1 mm. dr less, achenes with straight 
.upper edge and very miudi convex lower edge. 

KEY TO VARIETIES 

Leaf-blades pubescent to villous, not glandular beneath. 

Leaf-blades pubescent beneath, rarely villous, 1-2 cm. long, about twice 
as long as wide; inflorescence small and spreading. Wyoming to eastern 
Utah and Colorado 2a. H. dvmosus var. lypiens. 
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Leaf-blades very villous beneath, 2.3-5 cm. long, more than twice as 

long as widt'j inflorescence large and spreading. Hoiitheastern Colorado 

to Arizona and Chihuahua 2b. H. dumoauis var. arntraUs. 

Loaf-blades scarcely pubescent beneath with long hairs along veins and with 
gland droplets between veina, 1.5-2.5 cm. long, about twice as long as wide, 

San Luis Potosi, Mexico 2c. H. dvmosun var. Srhaffncri, 

2a. 11. DiTMOsrs var. typicus Ley, var. nov. 

Spiraea chimo,sa Nutt, ex Torr. & Cray, FI. N. Am. 1: 415, as syn. 1840; Hooker, 
London Jour. Hot. 6: 217. 1847; Spiraea discolor var. dumosa H. Wats. Bot. Calif. 1: 
170, in part. 1875; Schii^onolns argentcus var. dvmosjis Kuntze, Kev. Gen. 1; 225, in jjart. 
1891; Holodiscus discolor var. dumosits DippcI, Handb. Laubh. 3: 508. 1893; Scinsofiotus 
dumosits Koehne, Dents. Dendr. 255. 1893; Uolodiscns ditmosus Heller, Cat. N. Am. PI. 4. 
1898; Schizo7U)tus discolor var. dinnosus Rehder, (-ycl. Am. Ilort. 4: 1529, in part. 1902; 
Sericothcca dumosa Rydb. N. Am. FI. 22; 253. 1908. 

Illtistration: Figure 5. 

Frequently a low shrub about 1 meter high; leaf-blades usually less than 
2 em. long and about half as wide, usually slightly villous, teeth most often 
rounded, Jiot usually pointed; infloreseenee braiiehed, 5-12 em. long, 2-7 
cm. wide. 

Typk collected by Nuttall, stemy and sandy places of the Platte Rivau*. Growing among 
rocks or brush, between 2300 and 9400 ft., Wyo. and (h)lo. to eastern Utah and northern 
Arizona. Heprescniafive vuiterial: Wyominmj: Nelson 6'J7, 74SU TTtah: Goodding 

1J7U Kydherg Garrett dfdS, Colorado: Palmer Oslerhouf 3137, Patterson 33, 

Baker 3(7P Arizona: Tourney in 1892, OsGrhout 67),V6', Eastwood oSSf), Pushy oSS. 

2b. H. DUMOsus var. australis (Heller) Ley, eonib. nov. 

Ilotodiscus australis Heller, Bull. Torrey (^lub 25: 194, pi. 338, 1898. 

Illusiraiion: Figure 4. 

Shrub 2-3 m. high; leaf-blades usually densely villous and tomentose 
IxMieath, 2-3 (5) em. long, less than half as wide, the teeth usually drawn 
out and pointed ; infloreseenee spreading, 6-20 em. long, 3-6 em. wide. 

Type collection, from Santa Fe (7inyon, 9 mi, east of Santa Fe, New Mexico, JJetler 
SSfO. Growing in dry rocky places between 7000 and 11000 ft., southeastern C^Oorado to 
Arizona, Texas, and Chihuahua. Pepresi utative called ions: ('oiiORADO: Clements 137, 
Ctokey .>79/, Rothus /.S’//. Akizona: Jams ,)')/;*), Wolf 37 'd, Peebtes 5’* JTarrisou 3333, 
Blumer 7381. Nkw Mexico: li'olf 377 f, 38f3, Metcalfe 33o, 7 77 7, ICovton 384. Texas: 
Moore 4'- Steyermark 3373, Ferris 4’- Duncan 3330. (TniirAiirA: Pringle 783f, Goldman 
1411, Nelson 4871. 

The following s})ecim(‘ns have small leaf-blades, but the slender narrow leaf and 
pointed teeth w'ould indicate that they belong in this group: Arizona; Griffiths 4’ Thorn- 
her 163. Nkw MEXICO: Diehl 433. Texas: Mueller 8388. CiTiiirMiT’A: Barber <V* Town¬ 
send 111, 117, Nelson 6130, Mudler 7313. 

Kydberg (N. Am. FI. 22: 263. 1908) does not separate ousfrali.s from 
the more northern material and merely recognizes it as “the form with 
thinner, more aeutish leaf-blades and more simple toothing.” As a whole it 
differs in leaf-size, breadth-to-length ratio, toothing and length of sejials. 

2e. H. DUMOSUS var. Schaffneri (Uydb.) Ley, eomb. nov. 

Sericotheea Seliaffneri Rydl)., N. Am. FI. 22: 254. 1908; JIolodi.scus Sehaff'neri 
Standlcy, Pub. Field Mus. Bot'. 4: 210. 1929. 

Leaf-blades scareely pubescent beneath with long hairs on veins and wdth 
gland-droplets between veins, the teeth broad and rather rounded; leaf- 
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blades 3.5-4.5 eni. long, about half as wide; inflorescence 4-8 cm. long, 3-7 
cm. wide. 

Typk: San Luis Potosi, Mexico, Scliaffner 4ii7. Known only from the type region, 
from such collections as Parry 4' Palmer 22S, Mueller Lundell 

3. Holodiscus PAciiYWScns (Rydb.) Standley, Pub. Field Mus. Bot. 4: 
210. 1929. 

Srriooihrea pachydisea Rydb., N. Am. FI. 22: 203. 1908. 

Illystration: Figure 7. 

Older branches dark-gray witii exfoliating bark, angled; young twigs 
light reddish-brown, pubescent, angled, internodes about one-half length of 
leaves; leaf-blades broadly ovate, more or less abruptly contracted at base 
with a short winged petiole, the apex obtuse, many-toothed, the teeth very 
broad and rounded, simple, ending in a short, blunt mucro, 3-4 oil each side, 
the leaves pubescent above, grayish and villous beneath, the blades 1.5-3 (*m. 
long, 0.8-2.5 cm. wide; petioles 2-3 mm. long; inflorescence s])reading, com¬ 
pound, wdth a short dense pubescence, 3.5-15 cm. long, 3-15 cm. wide; 
pedicels 2-3 mm. long, with three linear bracts up to 2 mm. long; sepals 
triangular-ovate, glabrous within, acute at apex, 1.5 mm. long; petals ellip¬ 
tical, 1.5-2 mm. long; stamens as long as sejials, inserted on a thick fleshy 
hypanthium; carpels very villous. 

Type; Valle de Mexico, Tacuboya, PtonryeaH (US. Photo of tyja*, NY). Known 
only from a single collection. 

4. Holodiscus Hoursieri (('arr.) Kehder in Ihiiley, (Vcl. Ilort. 141)8. 
1915. 

Spiraea Boursieri (hirr. R^v. Tloi’t. 1859: 520, /. IDS. 18.59; Serieotheea Jinurfueri 
Rydb. N. Am. FI. 22: 203. 1908; Holodiaeus Mixieohi Heller, Mulileiibergia 1: 41, 1904; 
Seneofheca saxieola Rydb. N. Am. FI. 22: 203. 1908; Serieotheea obovata Rydb. N. Am. 
FI. 22: 204. 1908. 

Ill It si rat ion: Figure 6. 

A low shrub up to 1 m. high; bark of older branches dark reddish, becom¬ 
ing dark gray, exfoliating; young twigs straw-colored, often angled, short- 
])ubescent to villous-pubescent, internodes from half as long as to as long as 
leaves; leaf-blades broadly obovate to orbicular, the base sometimes cuneate, 
more or le.ss abruptly contracted, forming a short, winged petiole, the apex 
broad and rounded, many-toothed, the teeth broad and rounded, not deep, 
ending in a very short, blunt mucro, usually 3-4 teeth on each side extending 
at least to middle of leaf-blade, the leaves green or gray-green above, finel.y 
to villous-pubescent, grayish or whitish beneath, villous to villons-tomentose, 
often glandular, the leaf-blades 1-^ cm. long, 1-2.5 cm. wide; petioles 2-3 
mm. long; inflorescence narrow to spreading, villous, 2.5-8 cm. long, 2.5-8 
cm. wide; pedi(*els 1-2.mm. long, with three bracts, linear to narrowly lanceo¬ 
late, 1 mnL long; sepals triangular-ovate witli acute apex, 1.5-2 mm. long; 
petals oval, 2 mm. long, with a few long hairs at outer ba.se; stamens longer 
than sepals; carpels villous, 1.5 mm. long, styles 1 mm. long, aclienes wuth 
straight upper edge and very convex lower edge. 

Type locality, California. Growing among rocks, between 4(500 and 8000 feet, in the 
mountains of California and adjacent Nevada. Represenialive specimens: (California; 
Train 250, Howell 13493, Hilchcoch 4' Marlin 5357, Jones 2506, Heller 14451, 7160 
(type no. of 1J, saxicola), l‘'2S96, Crum 2073, Johnston 1566, Everett 7221, Wolf 5390. 
Nevada:* Greene 1431. Intermediate between TI. .Haitieola and Boursieri, as separated by 
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some authors, are Bansen Bracelin i)13, Eastwood ^49; for this reason T cannot main¬ 
tain two separate entities. Although I have not seen the type of Spiraea Boursicri Carr., 
the figure given in the original description is well matched by Heller 1^396, Everett 7^^1, 
Johnston 1J66, 

5. Holodiscits MicROPHYLLUs R.vdberjr, Bull. Torrey Club 31: 559. 1904. 

Low spreading? shrub, 15 cm. to 2 m. hifrh; bark of older twig^s dark red, 
later becoming: dark jrray and exfoliating:; young: twig:s reddish tan to lig:ht 
tan, glabrescent with jrland droplets to villous-pubescent, the internodes 
from one-half as long: as to as long: as leaves; leaves in fascicles of 1~8, obo- 
vate to spatulate with cuneate base decurrent on petiole, the apex rounded, 
many-toothed, the teeth usually small, broad, and rounded, often endiii" 
in a shoj't, blunt mucro, 2-3 on each side, the leaf-blades toothed only above 
middle, light green or gray green above, glabrescent to villous above, gla- 
brescent with gland droplets to villous-tomentose beneath, white-silky be¬ 
neath in some, the leaf-blades 0.5-1.75 cm. long, rarely 2 cm. long, 0.3-1 cm. 
wide; petioles 1-2 mm. long; inflorescence usually narrow and compact, 
]*arcly comj)ouiid, villous, 2.5-3.5 cm. long, 1-3 cm. wide; pedicels 1-3 mm. 
long with linear bracts, 1 (rarely 2) mm. long; sepals narrow, triangular- 
elli])tic with a(*ute apex, 1-1.5 mm. long; ])etals oval to elliptic, 1.5-2 mm. 
long, glabrous beneath or with a few long hairs at outer base; stamens longer 
than sepals; carpels villous, 1 mm. long, styles 1 mm. long, achenes with 
straight u])per edge and convex lower edge. 

KEY TO VARIETIES 

Leaf blades ]mlK*sceiit to \iIlou.s beiieatb, with hairs masking gland-droplets 
if these an* present, often pubescent above. 

Jjeaf-blades villou.s beneath, finely to densely pubescent above. Idaho, to 

(California, and (’olorado ^a. B. microphifltus var. lypicus, 

Leaf-I)]ades densely white-silky beneath, villous above, (’lark (^o., Nevada, 

Arizona, ami 8aii .lacinto Mts., (’alifornia. Lower California. 

5b. B. nitcrophyllns var. senceus. 

Leaf-blades glabrescent to glabrous ]»eneath with evident gland-droplets be¬ 
tween veins, glabrescent or with a scattered pube.scence above. Mts. from Ore¬ 
gon and California to I"tah 5c. //. microphyltns A^ar. fftahrescens. 

5h. II. MK’KoriiYLLUs vdi*. typicus Ley, var. nov. 

Holodsrns niicrophylfns Rydb. Ibill. Torrey (Mul) 31: 559. 1904; Sericotheea micro- 
phytla Kydb. X. Am. FI. 22: 264. 1908: Botodiscus discolor \ar. microphyllus Jejison FI. 
of (^alif. 2: 166. 1936; Sencofheca concotor Rydb. X. Am. FI. 22: 264. 1908. 

Ilhistrafion: Figure 1. 

Leaf-blades piibcscoit to villous above, villous beneath, 0.5-2 cm. long, 
0.3-1.2 cm. wide; inflorescence 3.5-9 cm. lotig, 1.5-7 cm. wide. 

Type from Alta, Wasatch Mts., Utah, liased on Jones I14J (NV, FOM) ; range from 
California to Idaho and western Colorado. Eepresentative collections: (’alifornia; Belter 
IJISf), Bracelin SSS, Grant 1134, Eastwood 1333, Crafts 633, Miinz 11S19, 763d, Wolf 
J699, 7644, 7649, Johnston 1696. Nevada: Heller 10333, 9343, Duran 3104. Utah: East- 
wood 7703, Jones 333]. COLORADO: Baker, Earle 4'- Tracy S631. Arizona: Jones 6036. 

5b. H. MK^ROPHYLLTTs var. sericeus Ley, var. nov. 

Laminae foliorum supra villosae, infra albido-sericeae, 0.5-2 cm. longae, 
0.4-1 cm. latae; inflorescentia 3-6 cm. longa, 1—1 cm. lata. 
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Type: Griffiths Mine, bottom of roeky ravine, Clark Co., Nevada, Clokey 7,969 (POM 
267589; isotypes NY, RAS). Ranging from southern Nevada to Lower California. Mate¬ 
rial seen: Nevada; Potosi Mt., Jaeger in 1930 (POM); Heller 11006, Clokey 7oB6, 7IBS, 
5507* Arizona; Huachuca Mts., Htlend in 1931 (LA). California: Ban Jacinto Mts., 
Jaeger in 1921 (POM). Lower California; Wiggins 4" Hcmaree 5037, Goldman 

This variety might be confused with forms of typicus having densely 
villous leaves, but is more silvery beneath and with a greater contrast be¬ 
tween pubescence on the upper and lower surfaces than in typicus, which 
is almost equally villous on both surfaces. 

5c. H. MiCROPHYLLUs var. glabrescens (Greenman) Ley, comb. nov. 

Spiraea discolor var. glahreseens Greenman, Erythea 7: 116. 1899; Holodiscus gla- 
hreseens Heller, Muhlenbergia 1: 40. 1904; Serieotheca glahreseens Rydl>. N. Am. FI. 22: 
264. 1908; H, discolor var. glahreseens Jepson, Man. FI. Pis. Calif. 479. 1925. 

Leaf-blades glabrescent to glabrous above, glabrescent to glabi'ous be¬ 
neath with many gland droplets between veins, 0.5-2 cm. long, 0.2-1.5 cm. 
wide; inflorescence 3-10 cm. long, 1-7 cm. wide. 

Type from Stein’s Mt., Oregon, Citsick 1^53 (NY); ranging through mountains of 
Oregon and California to Utah. Hepresenlaiive numbers: Oregon: Ciisiek 3716, J96S, 
Hitchcock 490S, Ahrams 9600, Thompson 13195* California: Copeland, 375, 37St, Heller 
11667, 11730, Cooke 11505. Utah: Leonaid 139, Eastwood 4' Howell 7169, Cottam 4535. 

In inflorescence, habit, leaf-size and -shape, this variety resembles var. 
typicus; it differs in the glabrescence of the leaves and the evident gland- 
droplets beneath. 

6. Holodiscus orizabae Ley, sp. nov. 

Illustration: Figure 2. 

Rami subrubentes ad grisei, decorticantes; ramulis angulatis, villosis, 
internodiis plus quam dimidio longitudinis folioruni; laminis foliorum 
lanceo-ellipticis, angustissimis, cum base euneato, in petiolis decurrentibus, 
apice acuto in mucro longissimo terminando, foliis subintegris, dentibus 
obscuris, mucronatis, tres utrimque, laminis foliorum in superficic superiore 
glabris vel pubescentibus, inferiore fomentoso-villosis, 2-3 cm. longis, 0.6-1 
cm. latis; inflorescentia ampla, composita, 6—10 cm. longa, 4-8 cm. lata; 
pedicellis 0.3-0.5 cm. longis cum tres bracteis lanceolatis, 2-3 mm. longis; 
sepalis late triangulo-ovatis, ad apicem acutis, 2 mni. longis; petalis late 
ovatis ad orbiculatis, infra pubescentibus, in nervo mediano sericeis, 2 mm. 
longis, stylis 1 mm. longis, acheniis cum margine superiore leviter curvata et 
inferiore gibbissima. 

Type: Vaqueria de Jaeal, Pico de Orizaba, Mexico, 10-11000 ft. Liehmaun 1670 (US, 
1012847; laotypcs, NY). Known only Jfrom the type collection. 

The very narrow leaves of this species set it apart from any other form, 
and it seems advisable to recognize it as a distinct species. It corresponds in 
leaf-shape,to the description in O. Kuntze’s key (Rev. Gen. 1: 226. 1891) 
of Schizmotus argenteus var. angustissimus* However, his description is 
very short and no specimens were cited by him. As I have not seen any 
specimens of this species annotated by him, I cannot with any degree of cer¬ 
tainty designate this as the form to which he refers. 

7. Holodiscus fissus (Lindl.) Schneider, Ill. Handb. Laubh. 1: 495. 
1905. 

Spiraea fissa, Lindl., Bot. Reg. 2, misc., 73. 1840; 28, MUc., 1. 1842; Schigonotiis 
a/rgenteus var. fissus Kuntze, Rev. Gen. 1: 226. 1891; Schizonotns discolor var. fi.s8us 
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Behder in Bailey, Cycl. Am. Hort. 1627. 1902; Serieotheca fiasa Rydb. N. Am. FI. 22: 
265. 1908; Spiraea argmtca Bentli. PI. ITartw. 82. 1841. Not S, argentea L. f. 1781. Eolo- 
discus argenteus var. hifrons Focko, Rot. (laz. 18: 200. 1893; Holodiacus Locseneri Dam- 
mer, Rcpert. 8p. Nov. 25: 385. 1919. 

Illustration: Fij»ure 11. 

Slender shrub 2-3.5 ni. hiji:h; branches anjiled, more deeply ribbed in 
younfi:er older branches dark red to dark ^ray, exfoliating^; yoiui^ 

twij>:s tan to lif»:ht reddish-brown, with a short, dense pubescence, sometimes 
villous, the internodes ^ to I lenjrth of leaf; leaf-blades lanceolate to 
oval, cuneate at base, decurrent on petiole, acute to acuminate at apex, 
ending? in a sharp mucro, the teeth conspicuous, usually ending’ in a long, 
sharp mucro, frequently bent, 5-9 teeth on each side w^ith many small teeth 
near apex, the leaf-blades glabrous above or rarely with a scattered pubes- 
(*ence in young leaves, with a short, dense pubescence beneath, often villous, 
particularly along veins, 2.5-8 cm. long, 1-4 cm. wide; petioles 0.5-1.5 cm. 
long; infloresceiK'e sparse, spreading, villous, 9-20 cm. long, 5-15 cm. wide; 
pedicels 2-3 mm. long with lanceolate bracts, these 1-3 mm. long, up to 1 mm. 
wide; sepals triangular with acute apex, 1-2 mm. long; petals oval to or¬ 
bicular with fine pubes('ence scattered over back, particularly along veins, 
2 mm. long; carpels villous, 1-2 mm. long; styles 1-2 mm. long; achenes 
with slightly curved u])per edge and convex lower edge. 

Type colloeted by Hnrtwcg in Mexico. Range, southern Mexico to Guatemala. Material 
Hven : Mexu o —Mi(’HOA('Xn: Kelson (UlSS (NY, 1^8). GrERKKRO: E. Xehon ^210 (NY, 
IT8). OaxA(’A: Smith (F^’’), Camp (NY). Chiapas: Srier 21f)6 (CAS, IIS), 

Seler (US; type collection of K. Loeseneri), Mofuda 'JoSi) (NY, MICH), Matnda 

olSd , 040-1 (MICH). Guatemala— QuiciU:: Ueyde 4'- Lux S0<i4 (NY, ITS; type collection 
of 77. argenteus var. hifrons Focke). FlrKHUKTENANOO: E. Nelson .]()66a (US)), Salas 470 
(US). Chimaltenango: Uartu'eg r>7.) (NY). The specimen from San .luan AtitlAn, Dt*pt. 
Buehuetenango, Skuieh 117g (NV), is very sinall-Ieaved, but the acute a])ex and the sha])e 
of tin* h‘af wouhi seem to place it A^ith 7/. fissus. 

8. HoL()i)is(’rs AH(JENTi:rs (L.f.) Maxim., A<*ta Hort. Petrop. 6: 254.1879. 

Slender shrub 1-5 iri. high, branches drooping, often dependent, ribbed, 
older bark reddish-brown to dark gray, exfoliating, young twigs angled, 
gray-brown to tan, with a short, dense pubescence, often villous, internodes 
about half the length of the leaf, leaves in dense fascicles; leaf-blades ob- 
lanceolate to obovate, narrow ctineate at the base, decurrent on the ])etiole, 
the apex denticulate, rounded to round-obtuse, the lower three-fourths of 
the blade entire, the U])})(n* fourth denticulate, the teeth ending in a sharp, 
frequently bent miu'ro, 3-4 on each side, the leaf-blades glabrous to densely 
white-silky above, white-silky beneath, 1.5—3 cm. long, 0.5—1.5 cm. wide; 
})etioles 1-3 mm. long; inflorescence spar.se, spreading, usually narrow, 
densely villous-pubescent, 5-14 cm. long, 3-10 cm. wide; pedicels 2-3 mm. 
long, with 3 bracts, these lam-eolate to broadly lanceolate, 1-3 mm. long; 
sepals broadly triangular-ovate with acute apex, 1.5-2 mm. long; petals oval 
to orbicular with a thick row of short, silky hairs along the back median line, 
extending to top of petal, more often with scattered pubescence on back, 
2-3 mm. long; stamens as long as sepals; carpels villous, 2 mm. long; styles 
1 mm. long, achenes often slightly curved on upper surface with a very 
convex lower surface. 

Illustration: Figure 3. 
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KEY TO VARIETIES 

Leaf-blades pubescent above. 

Leaf-blades equally white-silky above and beneath. 

Sepals with long dense pubescence. Colombia . 8a. H. argon tens var. iypwvs. 

Sepals with short matted pubescence. Chiapas, Mexico 8b. argenUis var. Maiudai. 
Leaf-blades with a very short pubescence above. Oaxaca, Mexico. 

8c. 77. argentoiis var. vehifinus. 

Leaf-blades glabrous to glabrescent above. Chimaltenango (Guatemala) and 

Costa Kica ' 8d. 77. argentens var. alpestris. 

8a. H. AROENTEUS vai*. typicus Ley, var. nov. 

Spiraea argentea L. f. Suppl. 261. 1781 j Ilolodiscus argeniens Maxim. Acta llort. 
Petrop. 6: 254. 1879; Sclusonotus argenteim Kuntze, Rev. Gen. 1; 225. 1891; Sericotheca 
argentea Rydb., N. Am. FI. 22: 266. 1908; Schizonotus argenteus var. Mnhsianus O. 
Kuntze, Rev. (ien. 1: 226. 1891. 

Leaf-blades densely white-silky above and beneath; infloreseence 5-11 
(iiii. long, 1-8 cm. wide, the pedicels with narrow lanceolate bracts, these 2-3 
mm. long, rarely 1 mm. wide; petals with long, silky hairs along back of 
median line; sepals extremely villous with many long hairs. 

Type collected by Mutis in Colombia, given as New Granada. Range*, (kdombia. 
Material seen : Colombia—Santander: KilUp 4' Smith 1S477, 1S179, 17:'^f'>4, 17 i.iO, i7Sto, 
1857Gi lfi79r) (NY, US), BoyacA: Cuatrecasas IISI, 1^99 (US). Cundinamahca ; Fennell 
2095 (NY, US), Cuatreeasas 5416 (US), Holton 9S9 (NY), Truina 1215 (NY, X^S), 
Andre Ic 1006 (NY), Schultze 31 (US), Andre 1c 1007 (NY). 

8b. H. ARGENTEUS var. Matudai Ley, var. nov. 

Laminae folioriim in superficie superiore dense albido-sericeae, inferiore 
sericeae et villosae; inflorescentia parva, 3.5 cm. longa, 2 cm. lata; pedicellis 
cum bracteis lanceolatis, usque ad 2 mm. longis; pctalis externc ])ubes- 
centibus, sepalis cum pubescentia breve et densa. 

Type; Mt. Tacand, Chiapas, Mexico, Matuda 2303 (NY; isotypes, MICII). Known 
only from the type collection. 

8c. H. ARGENTEUS var. velutinus (Rydb.) L(»y, comb. nov. 

Serieotheca velntina Rydb. N. Am, PI. 22: 265, 1908; Holodiseiis relKhnus Standley, 
Pub. Field Mus. Bot. 4: 210. 1929. 

Leaf-blades with a very short, usually dense pubescence above, velvety; 
inflorescence over 7 cm. long, the jiedicels with wide bracts, these broadly 

Explanation of figures 1-11 

Leaf shapes of the various species of Holodiacus. No shading nor i)ul)escence is 
indicated. All drawings are made on the same scale; the length given includes blade and 
petiole. Pig. 1. 17. microphyllm. Leaf 1.7 cm. long; Duran 3104. Fig. 2. 77. orizahae. 
Leaf 2.9 cm. lopg; Liebmann 1670. FiG. 3. H. argenteus. Leaf 2.3 cm. long; Killip and 
Smith 17254. Flo. 4. 77. diimosus var. australis. Leaf 3.7 cm. long; Wolf 2842. Fig. 5. 
H.'dumosfus var. typicus. Leaf 2.1 cm. long; Osterhout 2121. Fig. 6. 77. Bonrsieri, Leaf 
2.15 cm. long; Greene 1431. Fig. 7. H. pachydisevs. Leaf 2.8 cm. long; Bourgeau 267. 
Pig. 8. H. discolor var typicus. Leaf 7.1 era. long; Thompson 9818. Fig. 9. 77. discolor 
var. franciscanus. Leaf 4 cm. long; Santa Cruz Mts., San Mateo Co., Bond in 1928 (POM). 
Fig. 10. n. discolor var. delnortensis. Leaf 3.2 cm. long; Parks 24019. Fig. 11. 77. fissus. 
Leaf 8.4 cm. long; Heyde and Lux 3034. 
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lanceolate and with acute apex, often 4 mm. loiijr, ] mm. wide; silky pubes¬ 
cence scattered over back of petal. 

Type: Sierra de San Felipe, Oaxaca, Mexico, Smith 8:21 (NY; isotype, US). Known 
only from the type locality. Other material seen: Mexico—Oaxac^a: Nelson J08f> (US). 

AIthouf?h this variety differs from var. iypicus in lackiiij? the silky ap¬ 
pearance above, it does not seem to be sufficiently distinct to be made a sepa¬ 
rate species as Rydberp: (op. eit.) does. The leaf size and shape, and the 
inflorescence are very like var. typiens, 

8d. H. ARGENTEUs var. alpestris (Kuntze) Ley, comb. nov. 

Schizonotns argcnteus var. alpestris Kuntze, Rev. Gen. 1: 226. 1891. 

Leaf-blades glabrous above; inflorescence 5-11 cm. long, 3-8 cm. wide, 
the pedicels with wide, lain^eolate bracts, these 2-3 mm. long, up to 1 mm. 
wide; silky pubescence scattered over back of petal, particularly along 
veins. 

Type locality, Irazu, Coata Rica, 3300 m. Range, Dept. Cliimaltenango, Guatemala, 
and Costa Rica. Material seen: Guatemala—Chimaltknango : Standley 61842 (NY), 
Skuich 430 (MICH, US), Skuieh 07 (US), Sehr 2361 (NY, POM, US). Costa Rk'A— 
Cartaoo: Herharinm of 0. Kuntze 2358 (NY), Pittier Durand 187 (US), Orsled 1668 
(NY, US), Pittier 14101 (US), Niederlem (ITS), Stoik 345 (US), Howler 3' Stork Oil 
(NY, US). San Jos^: Standley ^ Valerio 4S555y 43062 (US). One specimen—plains near 
TecpAm, Dept. Chimaltenango, Guatemala, Skufch 544 (US)- has an acute apex and 
conspicuous teeth, resembling H. fissus; however the small size and villous condition be¬ 
neath would indicate it to be var. alpestris, 

UNCERTAIN SPECIES 

Spiraea mexicafia Schiede, ined. 1835; Kegel, Ind. Sein. Hurt. Petrop. 
1867: 58. 1858. (Schizonotus argenteus var. mexicaaits Kuntze, Kev. Gen. 
1: 226. 1891). The type of this species was not available, and the description 
is so short as to be of no aid in determining status. The country is given as 
unknown, but it would evidently be Mexican. Kuntze (l.c.) places the var. 
fnexicanus in his key near to Schizonotas argeoteas var. fissus. He dot's not 
cite specimens and consequently it is not known whether this spetumen was 
accessible to him. Schneider (Handb. Laubh. 1: 497. 1905) in liis treatment 
of the genus cites this species as a synonym of H. fissus. 

The following varietal names proposed by O. Kuntze, Rev. Gen. 1: 225-6 
(1891), in a key but without sufficient descriptions and without citation of 
specimens, are uncertain: Schizonotus argenteus var. augustissimus, may be 
H. orizahae; S. argenteus var. grisens, may be 11. dnmosus var. Schaffueri; 
8. argenteus var. intermedins, may be H. pachydiscus, Mexican and South 
American specimens were studied from both the United States National 
Herbarium and the New York Botanical Garden. None of this material could 
be identifiejd as that upon w’^hicli 0. Kuntze based the above varieties. The 
Field Museum contained no material of Holodiscus collected by Kuntze. 
Since these three institutions are the only ones in this country known by me 
to have specimens of Kuntze\s, it has been impossible to determine in which 
species Kuntze V varieties should be placed. 

Pomona College 

Claremont, California 
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THE SECTION SEDASTRUM OF SEDUM^ 

Robert T. Clausen 

Sedastruni was first described as a *ren!is by Rose in 1905 (N. Am. Flora 
22(1): 58). As basis for the generic status distinct from Sfdum, Rose cited 
the dense basal rosettes of leaves, the numerous stems dyin«‘ down to the 
base after flowering, the more or less paniculate inflorescences and the erect 
carpels concave under the scales. Berjrer (in Enjil. &; Praiitl, Nat. Pfi. ed. 2. 
18 a: 445. U)80) reduced the {renus to the status of a section of Sfdnm, men¬ 
tioning' as characteristics the details already indicated by Rose, also the more 
or less fi(*shy, thickened rootstocks. Proderstrom-'' desi<»nated Sediistruni as 
Crou]) 10 of his Se(*tion Amcricaua Orihocarpia. As diaji:nostic character¬ 
istics, lie mentioned the usually pubescent, dense, Scmpcrvirum-Vikoi basal 
rosettes, the pani(Milate inflorescences and the very thin, usually wavy petals. 

The floral striudiire of S('d<fstrum seems snflic'iently similar to the con¬ 
dition in Sfdum to justify the continuance of this ^rou]) of species in snb- 
{?eneri(* rank rather than as a full jrcnus. The vegetative characteristics 
which seem most important are the dense rosettes of leaves at the bases of 
the stems, the habit of the fertile shoots dyinp: back to the base after flower- 
injr, and the thick rootstocks. The concavity of the carjiels behind the scales, 
originally pointed out by Hose, perha]>s is also important. As now under¬ 
stood, there are six spe(‘i(*s, all of whitdi occur in Mexico, ran< 4 ‘in«' from 
southern Uoahuila to central Oaxaca. 

The charact<*rs available for s(*paratin^ s])ecies of ^rddstntw are mostly 
afforded by the vejietativc structures—the habit of the jilants, shape of 
leaves and j)ubescenc(‘. The flowers seem to be rather similar throujrhout the 
sei'tion. althoujzh the inflorescenc(\s vary considerably. The interpretation 
presented here is based largely on the examination of lierbarium specimens, 
sup])lemented l)y study ami observation of fresh plants, in (*ultivation, of 
four of the sjiecies. TTie ])resent pa])er is not a final pronouncement on 
t^cdash’uni, but merely pri^sents a summary of some of the available intor- 
matiou and exj)lains various names which 1 have used in identifying* speci¬ 
mens. P>efo!*e a final account of this section is ])ossible, much more collecting’ 
and obs<nwation must be done in Mexico and careful cytolo^ical and jxeneti- 
cal studies must be made. 

The ceiiter of distribution for Scdasirum seems to be central Mexico, the 
area in which the largest number of species occurs. Differentiation seems to 

^ Studies in the (Irassulnceai^—TV. 

2 Frbderstrom, Harold. 3935. Group 10. Scdastrnm. In: The j^enus Scdnm, Part IV. 
Acta Hort. Got. 10( Appendix) : 72-79. pL 4:^-0 

2S9 




290 


BULLETIN OF THE TORREY CLUB 


[VOL. 70 


have developed from this center, but available data are insufficient at pres¬ 
ent to warrant speculation on the topic of phylogieny within the section. 

In the followinji: account, names of herbaria are abbreviated as: BH, 
Bailey Hortorium, Cornell University; CU, Department of Botany, Cornell 
University; NY, New York Botanical Garden; Pom, Pomona Ck)lle<>e; and 
US, United States National Herbarium. 

KEY TO THE SPECIES OF SECTION SEDASTKUM 

A. Flowering stems erect (sometimes short decumbent) ; ])lants glabrous 
or hairy U 

B. Plants glabrous or hairy, but never densely pubescent. 

C. Leaves oblong, ovate or cordate B 

D. Plants large, ranging in height from 30-58 cm.; branches 
of inflorescence 2-30 cm. long 1. S. cbrncfraluni 

DT). Plants smaller, ranging in height from 15-30 cm. E 

E. Leaves thick, glabrous; carpels glandular 2. S. (jlahrum 

HIE. Leaves thin, some^whut hairy ; carpels smooth 3. *S’. cliapalcnsc 
CC. Leaves narrowly linear or oblanceolato 6. S. JJemshyavum 

BB. Plants densely pubescent 4. S. Hnitojui 

AA. Flowering stems procumbent <»r })ro8trate (sometimes hanging) 5. S, inrrrtum 

]. Sedum ebracteatum A.P. DC. in Mem. sur la Fam. des Crassulacees, 
37. pL 6*, fig, B, 1828. In the original diagnosis, the stem was described as 
tortuous and creeping at the base, with the flower-bearing yiart erend and the 
leaves glabrous. The figure shows a completely glabrous plant with thick 
fleshy oblong or ovate blunt leaves and with a much branched, iiaiiicmlate 
cyme. A definite type locality was not designated. Both des(‘ription ami fig¬ 
ure were obtained from Mocino’s unpublished Flore eJn Mexiquv. Sami dors 
(Ref. Bot. 4: p/. 22J. 1871) published a colored plate of this species vith the 
basal leaves obovate, pale green and glabrous; and the stems glal)roiis. No 
pubescence appears in the colored plate except that the sepals seem to be 
ciliate. Hemsley (Diag. PJ, Nov. 1: 11. 1878) redefined the species, a])par- 
ently basing his conclusions on a cultivated plant in the herbarium at Kew. 
He stated that the species was ])oorly described by Saunders, but San miters' 
description seems to check reasonably well with that of De Candolle. Hems- 
ley described the leaves as oblong and white-pubescent and the cymes as 
spreading, also he wrote that the flowering branches are erect. Probably 
Hemsley had a specimen of a pubescent phase of tlie species, not an exacd 
match for the plant illustrated by De Candolle. 

Sedastram ebracteatum (DC.) Rose, N. Am. FI. 22: 59. 1905. 

Sedastrum rubricaule Rose, N. Am. FI. 22: 59. 1905. Based on plants col¬ 
lected by Dr. E. Palmer near Concepcion del Oro, State of Zacatecas, Mexico, 
Nov. 22,1902 {No. 286). I liave seen specimens from this collection. They are 
similar to the specimen figured by De Candolle. Like the type of the species 
they are almost glabrous and not to be regarded as varietally distiji(*t on 
•this basis. 

Sedum rubricaule (Rose) Praeger, Jour. Roy. Hort. Soc. 46: 132. 1921. 

Sedum harrancae M. E. Jones, Contr. West. Bot. 18: 37. 1935.-1 have 
seen the type, which is No. 191717 in the herbarium of Pomona College. It 
is the collection of M. E. Jones, No. 27845, Nov. 17, 1935, from wet loose soil 



3043J 


CLAUSEPST: SEDUM 


291 


under eliffn at La Barrajiea, GiiadaJjara, Mexieo, Jones did not mention how 
to distinguish his speeies S. harrancav from S. ehractcatum, S. incerium or 
any other speeies of Seduni. 

Sedum ehracleatiim var. ruhricnule (Rose) Froderstrom, Aet. Hort. Bot. 
10(Append.): 73. 1935. 

Tufted ]K‘rennial with stems rijridly ereet or short deeAimbent, 30-58 em. 
hif>:h, jiiabrous or puberulent towards bases; rootstoek fleshy-thickened, witli 
fibrous roots and one or several dense rosettes of fleshy yellow-*»Teeii leaves, 
obovate to ovate-el]i])ti(‘a], and either hairy or smooth ; floweriiijr stems f^reen 
speekle<l with ])nrple upwards, 8-10 mm. thick at base, 4-7 mm. thick just 
below inflorescence; cauline leaves oblong, oblonji-lanceolate, elliptical or 
ovoid, blunt or acute, often clasjnnj? at base, 0.5-3.8 cm. lon^, 0.5~1.0 cm. 
wide, mostly reflexed and withered at time of flowerinj»:; inflorescence a lax, 
spreadinj? paniculate cyme, with the branches 2-30 cm. lon^; flowers sessile, 
5-merous; se])als jireen, oblon<z-ovate, obtuse, 2-3 mm. lonf»‘, une(jual; petals 
wdiite with ^reen median stripe dorsally, s])readin”* or recurved, broadly 
obloiifJT-ovate, 5-0 mm. lonji’, united below; stamens 3-4 mm. lon^* with fila¬ 
ments white and anthers pijik; scales nearly s(piare, about 1 mm.; carpels 
«ir(‘enish, 4-G mm. Ion?*, connate at base, with styles divaricate. 

S. (bractcutnm occurs under and about cliffs in central Mexico in the 
States of Hidaljio, Jalisco, Zacatecas and Duran^’o. Specific allitudinal data 
are not available. 

Specimens seen: nortliernmost—(\)ncei)cion del Oro, State of Za(*atecas, 
E(ln\ Palmer />W/ (NY) ; easternmost—near Dublan, State of Hidalgo, J. N. 
pose d* Robert Ilaij (NY); westernmost—Guadalajara, State of Jalisco, 
M. E. Jones (Pom); southernmost—same as westernmost; oldest— 

Nov. 22, 1902, Gom-epcion del Oro, E(hc. Palmer .y<S6‘. Number of collections 
seen—G. 

P3owei*in^ time seems to be November. 

Princi[)al variations are in pubescenct* and habit. Some plants are gla¬ 
brous, others ai*(* very j)ubes('eiit. Likewise, the flowerinji’ stems may be erect 
from the base or ])rocumbejit. 

S. ebracteaium is occasionally cultivated in fireeiihouses in temperate 
regions. Plants from cultivated sources have been correctly named. 

2. Skdum (;laukum (Rose) Praejrer, dour. Roy Hort. Soc. 46: 127. 1921. 

Sedasfrum (jlabrum Rose, N. Am. Flora 22: 59. Based on plants collected 
by Dr. E. Palmer at Saltillo in the State of (\)ahuila. 

P(‘rennial with stems erect or very short decumbent, 15-30 cm. hij^h, 
usually Glabrous throujihoui; rootstocks fleshy thickened, bearinji’ one or 
several thick rosett(‘s of fleshy, yello\v-j»:reen, oblon<»-, aimte leaves which are 
convex dorsally, flat on tin* ventral face, 0.5-4 cm. lonj»', 0.2-1.8 cm. wdde and 
0.2-0.7 cm. thick; flow'erinj.^’ stem 2-G mm. in diam. at base, 0.5-4 mm. in 
diam. just below^ infloresc'ence; cauline leaves oblonjx, acute, crow^ded, some- 
w'hat ascendin^^ at time of flowerinjr, 0.2-2.7 cm. lonjr, 0.1-0.9 cm. wide; inflo¬ 
rescence a paniculate cyme with the branches either ascendin<>- or recurved, 
0.5-11 cm. lon^’; floral bracts similar to the leaves, but markedly reduced 
upwAirds; flowAu-s sessile or almost so; sepals ^a^een, oblonj^^-ovate, obtuse, 2-3 
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mm. loB^; petals white, spreading:, oblong-laiieeolate, acute, 6 mm. long; 
stamens 4 mm. long; scales almost square, less than 1 mrii., carpels greenish, 
5 mm. long, glandular. 

Known to me only from limestone hills near Saltillo, Coahuila (E, Pal¬ 
mer 7S2 and other collections |NY]; and C, 0. Pringle 10090 [CU]), at an 
elevation of about 1830 m.; and from Santa Maria del Rio, San Luis Potosi, 
E, Palmer (NY). The rosettes of the plants from San Luis Potosi are some¬ 
what hairy. Number of collections seen—5. 

The period of flowering seems to extend from July to September. 

glahrnm is rarely cultivated. Prom the horticultural trade I have 
received it as Sedastrum Palmeri (a manuscript name of Rose, used on her¬ 
barium labels and published in synonymy by Proderstrom, Acta Hort. Got, 
lO(Appendix): 78. 1935). Plants cultivated at the New York Botanical 
Garden under another of Rose’s manuscript names, furgidnm (also pub¬ 
lished in synonymy by Proderstrom, l.c.) are doubtfully to be referred here. 

3. Sedum riiAPALENSE S. Watsou, Proc. Am. Acad. 22: 411. 1887. Based 
on a specimen from Chapala, State of Jalisco, Mexico, collected by Dr. E. 
Palmer and preserved at the Gray Herbarium. 

Sedastrum chapalense Rose, N. Am. Plora 22; 59. 1905. 

Perennial from a stout rootstock bearing one or several dense rosettes of 
obovate or ovate, acute, puberulent leaves; flowering stems 10-20 cm. high, 
glabrous, with the leaves ovate, acutish, 0,4-2.0 cm. long, ])uberulent; inflo¬ 
rescence a paniculate cyme with the branches more or less recuiwed and the 
sessile flowers densely crowded; sepals oblong-ovate, acutish, 2~3 mm. long, 
green; petals broadly oblong-ovate, acute, contracted towards the base, 5 
mm. long, white; stamens 3-4 mm. long; nectar scales rounded at apex, 
broadest at base, about 0,5 mm. wide and 0.5 mm. long; pistils 5 mm. long, 
greenish, smooth. 

Known at present only from the region of the type locality, Gha[)ala, in 
the State of Jalisco, at an altitude of 1700 m. This spevies apparently is not 
cultivated. 

When more collections are available, they may prove that S. ehraete- 
afum, 8. glahrum and S. chapalense are conspecific. Not enough material is 
no^v at hand to warrant such lumping, but the differences between these 
several so-called species seem relatively unimportant. 

4. Sedum Hintonii Clausen, sp. nov. Figure 1. Sedum, sectionis Se- 
dasfrum, dense pubescens; rhizoma robusta prostrata, 5 mm. diam., rosulas 
deiisas ferens; folia rosularum congesta, angiiste oblonga vel elliptica, 1.5-5 
(*m. longa et 0.3-1.0 cm. lata, apice obtuso, fulva quando sicca; caules floriferi 
ad 24 cm. alti, foliis lanceolatis, acutis, amplexicaulibus, 10-12 mm. longis, 
4-5 mm.datis; inflorescentia cyma paniculata; ad 15 cm. longa, ramis late 
divaricatis; flores sessiles; scpalae 5, ellipticae-ovatae, obtusae, 2.5 mm. 
longae, 1.2 mm. latae; petalae 5, oblongae-lanceolatae, i)atentes, 4-5 mm. 
longae, 1.5 mm. latae; stamina 10, 2-4 mm. longa; squamae oblongae (fere 
quadratae), 0.3 mm. longae; carpella 5, 4 mm. longa; interius gibbosa, 
breviter connata ad basim, stylis gracilibus; semina rubra, subpyriforma, 
0.7 mm. longa. 



1943] 


CLAUSEN: SEDUM 


293 


P(»renuial herb with ])rostrate stout rootstock, 5 mm. in diam., bearing 
slender roots and several dense rosettes; stems, leaves, branches of the inflo¬ 
rescence and sepals all densely pubescent with the hairs white, hyaline, 
mottled and somewhat flattened and stiff, to 1.5 mm. long; leaves of the 
rosettes (*rowded, narrowly oblong or elliptical, 1.5--5 cm. long, 0.3-1.0 cm. 
wide, obtuse at apex, yellowish brown when dried; flowering stems to 24 cm. 
high with the leaves lanceolate, acute, cordate clasping at base, 10-12 mm. 
long, 4-5 mm. wide; inflorescence a paniculate cyme to 15 cm. long with the 
brandies Avidely spreading and the flowers crowded, and sessile, 3-10 on a 
braiK'h; sepals 5, elliptical-ovate, obtuse, 2-2.5 mm. long, 1.2 mm. wide; 
petals 5, oblong-lanceolate, spreading, with crisped margins, 4-5 mm., 1.5 
mm. wide; stamens 2-3 mm. long; nectar scales oblong (almost square), 0.3 
mm. long; carpels 5, 4 mm. long, ventrally gibbons, briefly connate at base, 
with the styles slender; seeds red, subpyriform, 0.7 mm. long. Pinzan, 830 
m., Coalcoman, State of Michoacan, April 13,1941, 0. B. Hinton et al. 15926 
(TY1>E rs 1H0H082). 

This speci(\s, known at ])resent only from the type ('olJection, differs from 
the othei* described Sedastrums in the abundant and })ecnliar pubescence, 
the flowers densely crowded on the branches of the infloresceiu'e and the 
small lanceolate cauline leaves. It is probably nearest to S, chapalense and 
may be deriv(‘d from that sjAecies. I am grateful to Mr. C. V. Morton, of the 
United States National Herbarium, for bringing to my attention Hinton’s 
collection of the new species. 

5. Snnu.M Hemsley Diag. PI. Nov. 1: 11. 1878. The tyj)e in the 

herbarium at Kew has not beeji available to me. It is the collection of Hour- 
geau, Xo, 1181^ from the Valley of Mexico. The original description se(‘ms 
reasonably clear: leaves fleshy, glabrous, broadly ovate or almost round, 
obtuse; flowers sessile in short congested cymes. This description fits rather 
well various specimens from Mexico. 

Sf'dasfrnni incrrfnm (Hemsley) Rose, N. Am. FI. 22: 59. 1905. 

Lax perennial with stems procumbent or even hanging, glabrous or 
])uberulent towards base; rootstock fleshy thickened, with fibrous roots and 
one or several dense rosettes of lustrous yellow-green fleshy l(‘aves, ovate to 
oblong-elliptical and either glabrous or ])uberiilent; stems ]5-38 cm. high, 
3-8 mm. thick at base, 1-3 mm. thick towards top; cauline l(‘av(‘s ovate, 
oblong-ovate, broadly elliptical or orbicular, blunt, often broadly rounded, 
0.5-3.0 cm. long, 0.‘4-^1.7 mm. wide; inflorescence a paniculate cyme with the 
individual branches of a single inflorescence usually less than 4 cm. loiig 
and beai-ing 1-6 flowers; flowers sessile, 5-merous; sepals green, oblong-ovate, 
obtuse, 2 mm. long; petals white, often with green median stripe, spreading 
or recurved, broadly oblong-ovate, 4-5 mm. long; stamens 5 mm. long Avitli 
red anthers; scales'subquadrate, about 1 mm.; carpels greenish, 4-5 mm. 
long. 

8, inctrium occurs on ledges and cliffs in central Mexico in the State of 
Hidalgo and the Federal District, probably also elsewhere. 

Specimens seen: —northernmost—^near Tula, 2068 m.. State of Hidalgo, 
C. G. Prinffle 8693 {C5\ NY); southernmost—cliffs above Guadalupe, Fed¬ 
eral District, 2286 m., C. G. Pringle 8693 1 2 (CU, NY). Number of collec¬ 
tions seen—6. 
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Floweriiij^ time seems to be October and November. Cultivated plants, 
received as S. mcerium and 8. ebracieatum, flowered at Ithaca, N. Y., in 
December and January. 

6. Sedum Hemsleyanum Rose, Bull. N. Y. Bot. Card. 3: 41. 1903. Based 
on three Mexican collections: F, Mvller 322 from Orizaba, C. G. Pringle 
6042 (type) from near Oaxaca City, and E. W. Nelson 2001 from between 
Petlacijif»o and Acatlan. I liave examined representatives of all three col¬ 
lections. 

Sedastrum Hemsleyanum Rose, N. Am. FI. 22: 58. 1905. 

Sedasfrvm Painteri Rose, N. Am. FI. 22: 58. 1905. Based on plants col¬ 
lected near Cuernavaca, Mexico, and differing? from 8. Ilemslcyannm pri¬ 
marily in bein<? less pubescent and having oblaneeolate cauline leaves. Speci¬ 
mens of the type collection impress me as being very similar to )S. Hemslcy- 
anum and not specifically distinct. 

8edasfrnni pachncense C. II. Thompson, in Trans. St. Louis Acad. 20: 
21. pL 10. 1911. Based on plants collected at Pachuca in August, 1910. The 
illustrations accompanying the original description, depicting this species 
and 8. Hemsleyanum, demonstrate the great similarity between the two. 
Prac^ger*^ has indicated the differences between them, but these impress me 
as relatively unimportant and not reliable. 

8edum jxichlicense Praeger, Jour. Roy. Hort. Soc. 46: 128. 1921. 

8edi(m Painteri A. Berger, in Engl. & Praiitl, Nat. PH. ed. 2. 18a: 445. 
1930. 

Tufted perennial with stems (*rect or sj)readiiig, 10-26 ('in. long, glabrous 
or pubescent; rootstock somewhat thic'kened, with several dense rosettes of 
spatulate, elli})tical, or oblaneeolate leaves, 0.5-1.0 cm. long, 0.1-0.3 cm. wide, 
blunt; cauline halves, linear, narrowly elliptical or oblaneeolate, usually 
terete or almost so, green or red, 3—20 mm. long, 0.5—4.5 mm. wide, acute or 
obtuse; inflor(‘scence a paniculate cyme, 4-9 cm. long, with the branches 
0.7-2.5 cm. long; sepals ovate-c'dijitical. acute or obtuse, 1.5-3 mm. long; 
petals Avhite, oblong-lanceolate, 3-4 mm. long; stamens 2 mm. long; scales 
sub(|uadrate, yellowish ; carj)els 4-5 mm. long, greenish white, with the styles 
slender to divergent. 

8. Hemsleyannni grows on ledges and rocky banks at elevations of 1250- 
1700 mm. in the States of Hidalgo, Morelos, Oaxaca, Puebla and Vera Oruz. 

8pecimens seen :—^liigliest altitude—1700 m., vicinity of ruei*navaea. 
State of Morelos, Dec. 1, 1932, II. Prhderstrmn & K. Hnlten 336 (NY) ; low¬ 
est altitiuh'—1250-1463 m., between Petlacingo and Acatlaii, State* of 


Explanation of figure 1 

Fig. 1. Srdum Hinlomi. Drawings l)y Miss Julia Donaldson from tlic tyi)c (‘olloction. 
A. Habit skcleh (xO.7). H. Flower from above (\2.25). C. Flower from side (y2.25). 
D. Petal and two stamens (v 3.5). K. Carpels (x:^.5). F. Single earpcl ('^'4.5). G. Xeetar 
scale (x 7). H. Seeds (x 7). 


n Praeger, B. L. 1921. An account of the genus Sedum as found in cultivation. Jour. 
Roy. Hort. Hoe. 46: 1-314. 
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Puebla, Nov. 20, 1894, E, ir. Nelson 2001 (NY); northernmost—Pa.chuca, 
Hidalf?o, the specimens described as Sedasirum pachnamse; easternmost— 
Orizaba, Auj?., 3853, F. Milller (NY); westernmost—^same as lowest alti¬ 
tude; southernmost—near Oaxaca, State of Oaxaca, Nov. 12, 1894, C. G. 
Pringle 6042 (NY); oldest—1853, Orizaba, F. Milller. Number of collections 
seen—12. 

Flowerinfr time, as determined from data with herbai’ium specimens, 
extends from September to December. Plants in cultivation in eastern United 
States usually flower in December and January. 

8. Hemsleyanum differs in the dejrree of pubescejice, the amount of red 
pi^anentation and the relative acuteness or bluntness of the cauline leaves. 
Not enouj^h specimens are yet available to demonstrate tlie decree of sifrnifi- 
cance of these variations. 

SUMMARY 

Sedasirum is maintained as a section of Sedam. Six species are recog¬ 
nized, one of which, 8 . Hintonii from the State of Michoacan, is described 
as new. Four species, previously described, are reledited to synonymy. 

Department of Botany, (Cornell University 
Itiiaoa, New York 
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A PRELIMINARY INVESTIGATION OF THE NORTH 
AMERICAN CANES (ARUNDINARIA) 

CllAKUES L. (iILLY 

Duriiip’ the oonrso of* (‘ortaiii reoeiit routine identifications, the problem 
of specific delimitation within the native canes of Nortli America was a^^ain 
bronji'ht to my attention.^ When the specimens in question were determined 
by means of the available keys to the jrcnus there seemed to be scant cjuestion 
of their identity, for the differences <»iven between Aruiidinaria iiciu and 
A. (ji(j(t)fifa (d. nfucrospcrma)'* seemed ad(‘([uate for differentiation between 
the two s])ecies therein recopni/ed. However, a subse(juent comi)arison witli 
material in the herliarium raised the question whether tlie differences ^iven 
in tlie keys were n'ally fundamental. From the preliminary examination of 
tin* available material it seemed that it would be advisable to make a further 
study in an attempt to as('ertain if there mi«rht be differences, other tlian 
those ot jiTowth-habit, which could be used to sej)arat(‘ unit-(*ntities within 
the \orth Ameri(‘an Avundihnna po})ulation. 

A review of the literature on the native canes revealed tliat IL-own lias 
((uestioiied tin* advisability of usinp: the habital differences for sjiecific delimi¬ 
tation. rpon the basis of a study of material from Louisiana, lie decided 
that onl\' ou<‘ sp(*<'ies was [)res(*ut in that state; that it exhibited, under vari¬ 
ous (conditions ot‘ jirowth, th(‘ two habital I'orms considered as typi(*al of the 
two sp(*(*i(»s (or species and vai'iety) usually recognized. My study of the 
s])e(‘imens available in the ht‘rbarium of the New York Jhitanical (Jarden 
Mipjiorts llrowii’s contention so far as the IMississijipi Valley and ('(*rtain 
adjacent rejiions are ('oncerned. However, an examination of si)C(‘imens fi*om 
the Atlanti(* Coastal JMain of Virginia and Xorth (^arolina leads im^ to believt^ 
that Brown was not justificMl in further assuming.', on the basis of material 
from only one portion of the total distiabutional ran«»:e, that all jiopulations 
of Anindnuirni in North America are to be included in a single spi^cies. It 
should be noted that Brown, like most others who have worked with North 
Ameri(‘an Aruud'niaria, apparently did not consider the structural charac- 


North Aiikm'u'ii ’^ ns used throughout this paper e.Xfludes Mexico; the species of 
Jnituhiiaria in that countrv and tliroughout (Vntral America do not jqjpear to he directly 
concerned in the juesent })rohkm. 

- The names A. trcla (Walt.) Muld. and */. ttuionUa (Walt.) Uhapm. arc used for 
the two species (-(‘cognized hy Hitchcock (Hitchcock, A, S. 193,'). Manual of the grasses 
of the United States, l!9-30, 802-803). A. macrosprnmi Michx. is usually regarded as 
synonymous with A. (fif/anirn, and is used instead of the latter name for the ‘Marge cane’’ 
of several of the current manuals.* 

•) Brown, 0. A. 1929. Notes on Aruudinarin. Bull. Torrey Club 56: 315-318. 

297 




298 


BULLETIN OF THE TORREY CLUB 


[VOL. 70 


ters of the spikelets; at least he makes no mention of these orj>:ans, other than 
to specify the manner of their arranjrement in inflorescences. 

A consideration of descriptions and keys in the currently available 
manual treatments of ArHndinai*ia * and of the orij^inal descriptions of the 
various specific or subspecific entities proposed in the North American se{?- 
ment of the ^enus, reveals one very surprising thing. Although the morpho¬ 
logical characters of spikelets and florets are considered as providing the 
fundamental diagnostic characters for the classification of the grasses, these 
characters have almost never been utilized in studies of the native North 
American canes. Britton (1. c.) and Britton and Brown (1. c.) published the 
only American manual treatments in which the spikelets have been con¬ 
sidered much beyond the fact that they are sometimes i)resent on the i)lants. 
Even here the spikelets were given no real emphasis, and were not used in 
the differentiation of the species recognized by these authors. Ruprecht and 
Mnnro, European students of the Bambuseae, considered the characters of 
the spikelets in some detail.^ The former utilized spikelet differences to sepa¬ 
rate varieties of A. tecta^ and the latter mentioned certain of these differ¬ 
ences but rejected them on the basis of apparent ‘intermediates^’ available 
to him. 

Tt is pertinent to this discussion to note that the specimens from which 
the illustrations of A. (jigantva and A. tecta in Hitchcock’s Manual (1. e., 
figs. 1 and 2) were drawn both came from Virginia (Chase and 58H1). 
Although I have not seen these particular specimens, the illustration of A. 
tecta agrees exceedingly well with a specimen collected in Virginia by Mrs. 
Chase, and wddely distributed as Anier, Gr. Nat, llerh. no, 498, The dimen¬ 
sions of the spikelets as illustrated for A, gigantea indicate that they are 
quite similar to those illustrated for A, tecta. When the spikelets of the C’hase 
specimen from Virginia w^re compared with those of Brown 40iH (the only 
specimen from Louisiana available to me), certain rather striking differ¬ 
ences, w^hich appeared to merit further consideration, were observed. 

4 Britton, N. L. 1901. Manual of the flora of the Northern States and Canada, 18.5. 
In aubsequent editions the treatment of Arundivaria is unchanged. Britton, N. L., & 
Brown, A. 1913. An illustrated flora of the Northern United States, ('anada and tlie 
British Possessions, ed. 2. 1: 295. Hitchcock, A. S. 19.35. Manual of the grasses of the 
United States, 29, 30. Bobinson, B. L. & Femald, M. L. 1908. A handbook of the flower¬ 
ing plants and ferns of the central and northeastern United States and adjaeent (Canada 
[Grays ^ New Manual of Botany, Edition 7], 1-171. Small, J. K. 1933. Manual of the 
Southeastern Flora, 138, 139. 

•'> Buprecht, F. J. 1839. Bambuseae. [separate from] Act. Acad. Caes. Petrop. VI. 
6(2): 1-74. pi. 1-18. This was reprinted with dilferent pagination early in the following 
year; the correct citation of this second issue, according to data imblished by P. U. Kicker 
(Proc. Biol. Soc. Wash. 21: 11-18. 1901.), is as follow's: Mem. Acad. St. Pctersb. 6(2; 
Sc. Nat. 3): 91-165. pi. 1-18. 1840. Hitchcock (1. c.) has used essentially this last citation 
in the listing of certain Ruprecht names, but has erroneously given the date as of the 
.earlier extract. Munro, Col. W. 1868. A monograph of the Bambuseae, including descrip¬ 
tions of all species. Trans. Linn. Soc. 26: 1-157. 
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The next step in this preliminary study was to sort all available spikelet- 
bearinj? sj^ecimens of North American Arundinaria into two groups, using 
the spikelet characters of the ('base and the Brown specimens as criteria for 
this sorting. Most of the specimens examined could easily be referred to one 
or the other of the two groups, but a few were apparently intermediate in 
varying degrees; these “intermediates” will be more fully discussed in a later 
paragraph. It was disc^overed, when the sorting of specimens had been com¬ 
pleted, that those with spikelets similar to those of the Chase specimen were 
almost entirely restricted in distribution to the Atlantic Coastal Plain (see 
map, fig. 1). For subsecpient discussion these will be considered as constitut¬ 
ing the (itJnniic-iype of North American Arundmaria. The specimens with 
spikelets similar to those of the Browm specimen—although they collectively 
occui)y a much wdder distributional area than the name would imply—will 
be referred to as the niississipipi-type, because this appears to be the only 
sort of spikelet represented in the cane populations of the Mississippi Val¬ 
ley.*’ These two s])ikelet ty])es may be characterized as follow^s: 

MIssis.sfpphfype: Spikelets 5-8(~10)-fl()W’ered, I1.5-5(-7) cm. long; lem¬ 
mas green or greenish, densely f)ubescent or rarely glabrescent in age, wdth 
consiiicuous transverse thickenings between the nerves, the lower and median 
lemmas 1.5-2.75 (un. long, ta})ering to an acuminate, long-acuminate, or sub- 
aristate apex; inner glume one-half or slightly less than one-half the length 
of the lemmas, greenish, ])ubescent, acute at the apex, the median one of the 
several ecpially ])rominent nerves reaching the apex; outer glume similar to 
the ininu' but smaller (figure 2, M1-M4; localities where specimens with this 
sort of si)ikelets have been collected are indicated on map, fig. 1, as black 
disks). 

Aflaufic-iypc: S])ikelets 5-10(-12)-flowered, 2-4 cm. long; lemmas pur- 
j)le or purplish-tinged, glabrous except for minute marginal ciliation tow'ard 
the apex, transverse thickenings not visible between the nerves, the lower 
and median lemmas 0.8-1,5 cm. long, their a])ices merely acute or somew'hat 
rounded; inner glume never more than one-third the length of the lemmas, 
purple or ])ur])lish, glabrous except for sparse ciliation at the blunt or trun¬ 
cate and generally erose apex, the mid-nerve rarely reaching the apex and 
the lateral nerves obscure or obsolete; outer glume similar to the inner but 
much smaller or sometimes lacking (fig. 2, A1-A4; lo(*alities wdiere speci¬ 
mens with this sort of spikelets have been collected are indicated on map, 
figure 1, as black triangles). 

From this preliminary study there also appears to be a correlation be¬ 
tween type of spikelet and type of leaf sheath in the specimens wdiich I have 
examined where both spikelets and foliage were present. The type of leaf 

« Extensive field studies of the North American cane ])oi)iihition imxy perhaps necessi¬ 
tate a future modification of this statement; on the basis of the specimens available to 
me, there is no evidence of the presence of the atlantic type west of Biloxi, Mississippi, 
from which locality I have seen an apparently * intermediate’^ specimen which can be 
considered as ailaniioid in spikelet type. 
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sheath (fig. 2, M5), which appears to be correlated with missis8ippi4ype 
spikelets, has a densely and conspicuously pubescent exterior-ligule, and the 
clusters of auricular bristles at either side of the apex of the sheath are 
more or less united at the base into a triangular wedge of tissue distinctly 
different in color and texture from the sheath region immediately below. 
The individual bristles are larger in diameter and more coarsely scabrous 
than in the ailantic4ype sheath. In this latter type of sheath (fig. 2, A5) the 
groups of bristles are not basally united above the apex of the leaf sheath, 



Fig. 1. Distribution of Arundinaria, based on gjiceiniciis in the herbarium of the New 
York Botanical Garden. The inner boundary of the Coastal Plain is approximately indi¬ 
cated by a heavy line. Some of the symbols on the map represent more than one collection 
from the same or closely adjacent localities. Illustrations of the s])ikelet and leaf sheath 
characters which form the basis of the two types recognized within the genus are i)resented 
in figure 2. The localities of two collections, mentioned in the text as being v(‘g(‘tatively 
glabrous and having somewhat different leaf sheath characters, are indicated by the 
symbol x. 

and the exterior-ligule is either glabrous or microscopically ciliatc. The in¬ 
terior-! igules of both types are variable, although the mississippi-fypr ap¬ 
pears to be always more or less pubescent while the atlantic-typc is either 
glabrous or sparsely ciliatc with bristle-like hairs. The overlapping margin 
of the sheath proper is either glabrous or minutely pubescent in the atlantic- 
type, while in the misswdppi4ype it is usually coarsely ciliate. 

It is perhaps of more than casual interest to note that in the available 
specimens of South American and Central American Arundinaria and 
Arthrosiylidnim (a closely-related and perhaps not adequately separable 
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Fi(?. 2. Morphological characteristics of the two tyi)es of Arnndinaria in North 
America north of Mexico. A1-A5: the alUuttic tffpr; Ml-Mo: the misfusKippi-i Por¬ 
tions of the plants illustrated are: 1. spikelets (x 1.5) ; 2. outer glume (\ 0) ; 3. inner 
glume (x 6) ; 4. lemma (x (i) ; 5. apex of leaf sheath (x3). Figures A1-A4 were drawn 
from Frrnalfl and Long 61)40, from near Crismond, Nanseniond (k)., Virginia, and figure 
A5 from A. Chase s. 1 \, (Amcr. Or, Kaf, TIerh, no. oOO) from the Back Bay section of 
Princess Anne Co., Virginia. Figures M1-M4 were drawn from Butih 498^ from Eagle 
Rock, Barry Co., Missouri, and figure M5 from Gailingrr s. n. (Curtiss* X. Am. PL 
Distrib. no. S>5^S) from near Nashville, Tennessee. The range of variability in the degree 
of basal fusion of the auricular bristles from the nussissippi-ti/pe leaf sheath is indicated 
in figures MS' (drawn from Veniarce 1d9:>0, from Jefferson Co., Arkansas) and MS" 
(drawn from Combs J49, from near Lake thty, Columbia C-o., Florida) ; only the basal 
portion of the cluster of auricular bristles is shown in these last two figures. 








302 


BULLETIN OF THE TORREY CLUB 


tV<»L. 70 


genus of the Western Hemisphere) the leaf-sheath apices and auricular 
bristles are like those of the atlantic-type,'^ while hi specimens which I have 
examined from eastern Asia the bristles and sheath-apices are like those of 
the mmissippi-type. It seems safe, here, to postulate that this latter type of 
leaf sheath is characteristic of a Holarctic group of species, the North Amer¬ 
ican segment of which is now disjunct from the Asiatic. The atlantic4ype 
of leaf sheath, closely similar in structure to the South American type, is 
indicative of the relationship of this type of Amndinaria with the South 
American members of the genus.® 

Specimens apparently intermediate between the atlaniic-type and missis- 
sippi-type have already been briefly mentioned. These “intermediates” are 
of several sorts. In some of them, the characters of the two types of spikelets 
are combined in varying degrees. In others where both spikelets and foliage 
are present, some association of atlantic-type spikelets with mississippi-typc 
leaf sheaths (and vice versa) Avas evident; also a few of the sterile specimens 
examined seemed to combine the characters of both types of leaf sheaths. 
Tliese intermediates are indicated on the accompanying map (fig. 1) by 
either white triangles or circles, dependent upon the degree in which they 
seem to appi’oximate one or the other of the two types. 

A consideration of the accompanying map (fig. 1) reveals that while the 
mississippi-iype is common through the lower Mississip])i Valley and on the 
Gulf Coastal Plain, it is also more or less widely distributed through portions 
of tile two old land masses of eastern North America—the Ozark area and 
the Appalachian-Cumberland region. The mississippi-lypCf therefore, ap¬ 
pears to rejiresent a North American species whose affinities, as already nien- 

" This is particularly apparent in certain as yet unidentified specimens from Honduras 
(Yunrlrr^ Dawfton Youse 60S.5) and Central Brazil {Krulcoff 7£7S) as well as in ma¬ 
terial identified as Arundmaria deflexa E. E. Br. from the summit of Mt. Boi*aima on the 
British (Tuiana-Venezuela-Brazil boundary corner. This latter species, although appar¬ 
ently (exhibiting the growth-habit of North American Arnyidinaria, seems to have spikelets 
approac'hing those of Arthrosi^lidinm in flower number. The 8h(?et of A. deflexa {Tate 
47L) in the herbarium of the Now York Botanical Carden is sterile, and 1 know the spike- 
lots of this species only from the original description (Brown, N. E. et al, 1901. Beport 
on two botanical collections made by Messrs. P. V. McConnell and J. J. Quelch at Mount 
Boraima in British Guiana. Trans. Linn. Soc. II 6: 1-109). Arilirosiytidium appears to 
repres(‘nt a further development of several reductionary trends than does Arundmaria; 
these are a decrease in flower number per spikelet, the elimination of sheath bristles in 
some species, and the acntuisitioii of an herbaceous or a liana habit of growth. Various 
workers wdth the Bambuseae have either included Arthrostyhdnim in Artindinaria, or have 
considered it as a closely related genus. Further study of this Caribbean and South Ameri¬ 
can genus may i>erhaps be essential to the ultimate solution of the problems of the North 
American A rwjjdinona-complex. 

8 For a discussion of a similar relationship in another plant group, a recent paper in 
which the North American species of Gaylimsacia are considered should be consulted 
(Camp, W. H, 1941. Studies in the Ericales: A review of the North American Gay- 
lussacieae; with remarks on the origin and migration of the group. Bull. Torrey Club 68: 
531-551). 
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tioned are with the species of eastern Asia. Its present mncli wider distribu¬ 
tion is almost certainly due to a migration into the Mississip])i-einbaynient 
and Coastal Plain as these related areas became available for colonization by 
jilants.’* The ailantic-lypc, oji the other hand, is largely restricted to the At¬ 
lantic Coastal Plain althouj*:h atlantioul individuals have been collected in 
the eastern segment of the Culf (Coastal Plain. 

The presence of mississippioid individuals on the Atlantic (bastal Plain 
seems enti]*ely due to a downward and outward mij^ration of this species 
from the Appalachian upland areas. In the northern-part of the distribution 
area of the <>enus this mij^ratioii would seem to have been alon^ ancient drain¬ 
age systems.^^' Further south (in South Carolina and Georgia) where missis- 
sippioid individuals occur, this mij^ration is undoubtedly continuing today. 
Jt is to be expected that in at least some of the Atlantic ('oastal Plain locali¬ 
ties where tlie mississippioid individuals are known, that colonies of the 
mississi})pi-fijpc may be found; the tmpiency and extent of these colonies 
will, in part, de])(md upon the dejrree to which this type has been genetically 
submerged by the ailantic-fypc. 

So fai* as vej^etative (diaracders, other than those of the distal portion of 
the leaf sheath, are concerned, I have been unable to find any correlation 
with either type of spik(‘let—except perhaps as regards leaf shape. Jjcaf size 
appears to be extremely variable in the series of specimens assi<>:ned to both 
the atUintic-typc and the mississippi-lype. Most individuals of the former 
type, however, seem to have a lanceolate-acuminate leaf blade in contrast to 
the merely acute and jjarrowly lanceolate-elliptic leaves present in most indi¬ 
viduals of the latter type. 

"’Dr. W. TT. ("jjnip informs mo flint ho lins s(*oii “cano'^ growing nlmndantly in parts 
of Konturky and oastorn Tonnossoo, in both states often on hillsides where the forest 
eo\cr Avas not too dense. From his description of these areas it is apparent that the habitat 
is similar to that of various of the Arundinarui species in eastern Asia,; and, as is well 
known, those areas of the southeastern ITnit(‘d States contain numerous species in other 
g(*nera and families which have cognate forms in eastern Asia. It is therefore likely that 
the po])ulations of the 7a/,s%s‘/.s.s'?p;n-t,i/pr, so common along the larger streams and rivers, 
may have bein entirely derived from just sncli hillside populations as those now' growing 
neai the heads of the present drainage systems. 

Although Arnndinana is rejiorted as ranging nortliAvard in the interior as far as 
Highland (^ounty, Ohio, and along the coast to New' (^astle Oounty, Delaware, and Anne 
Arundel Oounty, Maryland, T have seen no specimens from those localities. Tt is quite 
probable that befcu'c the Pleistocene the miN^sissippi-tifpc had a much more northerly dis- 
tribution in the Appalacliian-t^umberlaiid legion. Evidence w'hich seems to su])j)ort this 
statement is found in a rejiort of the finding of half masticated ])ortions of plants of “a 
species of Arundo, or Arundinaria, still common in Virginia’^ in the w'ell-jireserved 
stomach of a ma-stodon {Mammid amencarnnn) Avhose skeleton was discovered in Wythe 
County, Virginia, in 1806 (Hay, O. P. 1914. The Pleistocene mammals of Iowa. lie])t. Iowa 
Geol. Survey 23(1912); in particular, ]). 367 of the section dealing with the food of the 
mastodon). Rearrangements in the drainage pattern—^these, in part, occurring in pre- 
Pleistocene times—in the region AA'hicIi now includes North Carolina, Virginia, West 
Virginia, Maryland, and Pennsylvania have perhaps prevented subsequent coast-Avard 
migration of the m'l.smsmppidppc in this area. 
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Althoiij!:h pilbesoenee of leaf blades and sheaths appears to be variable in 
individuals of both types, there are a few more or less isolated populations 
which appear to have always been glabrous; this characteristic is best shown 
by two collections made by J. K. Small in Georgia, one on the Yellow River 
in Gwinnett Co. (July 20, 1893), the other in Habersham Co., between 
Toccoa Falls and Tallulah Falls (Sept. 3,1894). These particular s])eciniens, 
both in their glabrous nature and somewhat different leaf sheath characters, 
are very similar to certain species of Arundimaria from eastern Asia. 
Whether they represent a disjunct remnant of a species or species-com])l(*x 
with a formerly wide Holarctic distribution, or whether these specimens may 
have been collected from naturalized colonies of one of these East Asian s])e- 
cies, can not be decided on the basis of the evidence at y)resent available to 
me. Further study of the cane y^opulations in these areas will be necessary to 
clear up this i)articular point. 

Another point, regarding certain Alabama populations of Arundinaria 
d(*scribed by Harper, also appears to need further investigation.^^ In con¬ 
trast to llrown’s conclusions from a study of Louisiana cauebrak(\s, llar])er— 
after a study of Alabama po])ulations of Arundmarui —stated : ‘‘This genus 
is not very fully understood, partly on account of the scarcity of flowers and 
seeds, and the number of species in North America may be any\\liei*(‘ from 
one to three or four. In Alabama there seem to be two, or possibly three.’’ 
Although narj)er gave few differences between the species except compara¬ 
tive height, culm diameter and freipiency of flowering, he defiuibdy recog¬ 
nized two species as present in Alabama. 

A. macros permit f found “on river banks and in creek swamps, a little 
below high-water mark,” was said to be distributed essentially throughout 
the state except in the Blue Ridge, Piedmont, and Outer Coastal Plain ])or- 
tions of Alabama. A, tecta, which “grows mostly in sandy bogs, vet woods 
and non-allnvial swamps, south of the coal regions,” was listed as occurring 
in the Blue Ridge and Piedmont areas, and as ])articularly common through 
the Outer Coastal Plain. According to Harper this second species had not 
been found in the northwestern one-fourth of the state. At the end of his 
discussion of A, maerospcrma he remarks: “What may be another s})ecies, 
resembling A. maerospcrma except in size (being smaller) and habitat, 
grows on sandstone, shale and limestone cliffs in various parts of* the state 
as follows: IB. On limestone mountain slopes, within a few miles of the 
Tennessee liiver in Jackson, Mmlison and Marshall Counties. 2B. Bluffs near 
Simpson’s Creek, Cullman (kmnty. Cliffs near Warrior River, Walker and 
Tuscaloosa Counties. 3. Near Sylacauga. 11. Hatchetigbee Bluff on Tombig- 

11 Harper, B. M. 1928. Economic Botany of Alabama. Part 2. (catalogue of the trees, 
shrubs and vines of Alabama with their economic properties and local distribution. Geol. 
Survey Alabama, Monograph 9; in particular, pp. 72-77, fiffs. 
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bee Kiver, AVashiii^toji Althon}?li 1 have examined a number of 

specimens collected by Harper in Alabama, there are ap})arently no ex¬ 
amples of this upland type of Arundirtaria in the herbarium of the Ncav 
York Botanical (Jlarden. The habitat, as jriven by Harper, is strikingly remi¬ 
niscent of that of certain Eastern Asiatic species of the j»*enus. 

Befoi‘e briefly discussing* the nomenclatural aspect of the problem of the 
North American canes, it seems necessary to j>:ive some consideration to the 
habital differences which have so loiifr been considered as indicative of spe¬ 
cific distinctness. A (piotation from Mohr^* clearly y)resents these habital 
diffe]*ences ; 

'^Avundinaria icefa rarely exceeds the height of 12 to 15 feet, and the 
slcndci* culm branched from the base is seldom half an inch in thickness. 
Early iji sj)rinj^*, apparently every three or four years, the ]>aniculatc flowers 
are j)roduced on Jiaked’*^ radi(‘al shoots scarcely exceeding 18 inches in 
height, Avhile the tall flowerless canes are sent up every season from the long 
creeping rhizomes. Arioidinariu macrosprrnid, from 15 to 30 ft. high and 
fre(|ueiitly an hich and over in diameter, produces the panicles of its flowers 
in the axils of the branches at long and indefinite intervals of time. . . . The 
.seedlings [of .1. niacrospenna] i)roduce no branches during the fir.st year. 
These simple shoots, whi(*h are known as ‘mutton cane^ are tender and sweet 
and afford tlie best of pasturage.^’ 

In regard to the habital characteristics and different modes of flower ])ro- 
ductiou. Brown (1. c., ])p. 316 and 317) has made the following observations: 

“S|)ikeiets of Arundmaria were first collected by the writer in March, 
1927, in a (‘anebrake near Baton Rouge, Louisiana {no. 9S9). Tlu^se were 
From the lower nodes of old canes that had been cut off one or two joints 
above the ground. In November, 1927, a considerable portion of the (‘ane¬ 
brake in which the above specimens were coll(‘cted was cleared. Dui'ing the 
last of March and April, 1928, flowcTS were again found on the lower nodc^s 
of the cane stubble. . . . About the first of May there a])peartMl in the same 
field a large number oLsomewhat shrubby radical shoots which boi*e terminal 
panicles, and according to the manuals should be ^1. iccia. . . . Tn one of the 
placets where the cane was found in bloom a drainage ditch had been dug in 
the early i)art of €ranuary, 1928. In this place, flowers were found on both 
radi(‘al shoots and on the old canes. On digging u]) some of the plants, it was 

1“ Tile jiiinKM’ical designations (IB, 2li, 3, and 11) in the above quotation refer to 
natural r(‘gious^^ of Alabama as delimited on map 1, T)age 33, of Ilarjjer’s publication. 

>-^Mohr, C. 1901. Plant Life of Alabama. Vonir. IT. S. Nat. Herb. 6. pp. 921. Wash¬ 
ington, J). (\ Later in the same year this volume was reprinted with identical pagination 
and issued as a jmblication of tlm Geologic Survey of Alabama. The quotation given here 
is from page 103. 

14 By “nake(L' Mohr evidently meant the absence of leaves with ^Gilades. The 
available sjiecimens and illustrations of the ‘Wretou/” phase of the cane populations indi¬ 
cate that the culm of the radical shoot is closely covered by overlapping bladele.ss, or 
essentially bladeless, sheaths. The .specific epithet of Walter’s Ariirido tecta, on which 
Arundmaria Iccia is based, is indicative of this character, for it is derived from the latin 
teciufi, meaning eiiclost^d or covered. 
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found that some of the radical shoots with flowers (^1. tecta) came from the 
same rootstock as did stalks with lateral spikelets (A. macrosperma). ... A 
careful examination of several other canebrakes in flower during tlie spring 
of 1929 has resulted in finding flowering radical shoots attached to the same 
rootstock as the old flowering canes. One collection {no. 2435) was made near 
Erwinville, Louisiana, on the edge of a thicket which had not been cut or 
drained for several years. This suggested that both forms of Arnndinaria 
may occur on the same rootstock naturally and that cutting or some other 
stimulation may not be necessary.'* 

Some of the specimens of the missisaippUtype which I have examined are 
clearly from the leafless, sheath-covered radical shoots of the growth-form 
commonly called A. tecta. On the basis of the sj)ecimens which I have ex¬ 
amined and referred to the atlantic-iype^ it is apparent that tall canes with 
complexly branched axillary inflorescences and the low radical shoots with 
terminal inflorescences are both present in this segment of Arundinaria as 
well as in the missmippi^type segment. The consecutive collection numbers 
(5880 and 5881) of the Chase specimens from Virginia—previously men¬ 
tioned as being the basis for the Hitchcock manual illustrations of A. 
gigantea and A. tecta —suggests that these two specimens might have been 
collected from a single Virginia canebrake. If so, they wouhl seem to rei^re- 
sent a condition parallel to that observed by Brown in certain Louisiana 
canebrakes. 

Although two distinct types of spikelets are present in the North Amer¬ 
ican Arundinaria populations—and these being representative of unit-enti¬ 
ties which in all probability are worthy of specific rank—a definite ap])lica- 
tion of names to these entities is not yet possible be(»ause the ])resent (‘oncepts 
within the group are based primarily on habital differences.’"' Tin* final .solu¬ 
tion of the nomenclatural phase of the problem must await (1) a more com¬ 
plete understanding of the variability and complexity of populations within 


i'"'’In future work on the nomenclatural i)lm8es of the North AmericMii Arundinaria 
problem, it will be necessary to consider (in addition to those nlready cited in this ))apor) 
at least the following publications, all of which have been consulted during the ])rei)iiration 
of this preliminary paper: Camus, B. O. 1913. Les Bambusees. 1-215. Chapman, A. W. 
1860. Flora of the Southern United States; in particular, pp. 561 and 562. BUiott, 8. 
1816-1821. A sketch of the botany of South-(Carolina and Georgia. 1; in ]»articular, 
pp. 96 and 97. Hitchcock, A. 8 . 1905. The identification of Walter grasses. Kep. Mo. 
Bot. Gard. 16: 31-56. 1908. Types of American grasses; A study of the American spe¬ 

cies of grasses described by lannaeus, Gronovius, Sloane, Swartz, and Michaux. Contr. 
TJ. 8. Nat. Herb. 12: 113-158. 1920. The Genera of Grasses of the United States, with 
Special Eeference to the Economic Species. U. 8. Dept. Agric. Bull. 772; in particular, 
.pp. 22-24. Michaux, A. 1803. Flora Boreali-Americaiia. 1: 73-74. Muhlenberg, D. H. 
1817. Bescriptio uherior Graminum Plantarum Calamariarum America? Septentrionalis 
Indigenarum et Cicurum; in particular, pp. 191 and 192. Nuttall, T. 1818. The genera 
of North American plants, and a catalogue of the species to the year 1817. 1: 39. 1837 

Collections towards a flora of the Territory of Arkansas. Trans. Am. Phil. 8oc. II. 6: 139- 
203. Walter, T. 1788. Flora Caroliniana; in particular, p. 81. 
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the genus, and (2) the reexamination of the Walter and Michaux type speci¬ 
mens, now in Eurojiean herbaria, to determine whether or not the names 
based on these specimens can be definitely referred to either the atlantic4ype 
or the mississippi-type of North American Arundinaria. 

Pending an examination of the existent type specimens, it will be neces¬ 
sary to refer to these two types of Arundinaria by names of some sort. It is 
my suggestion, if the designations atlantw-type and mississippi-type do not 
seem to be adecpiate for this purpose, that the two oldest names seemingb^ 
referable on a geographical basis to these two types, be used. The atlantic- 
type, then, could be temporarily referred to as A. (jigantca, and the mhais- 
sippi-type as A. mavrosperma. The name A. fecta —because no specimen of 
Arnndo tecta (on which Arundharia tecta is based) is in the Walter her¬ 
barium, and because of the presence of ^^fectokr* phases in both the atlantic- 
iype and the miasksippktype —should, for the time being, be considered a 
homen dubivmy^ 

In the event that the Walter specimen of Arundo yigantea proves to be 
ill such condition that it can not be surely referred to either the atlantic- or 
the mississipjji’type of Anmdhiaria, 1 would recommend that the varietal 
ejiithet colorata of Ruprecht (1. c., p. 22) be raised to specific rank for the 
atlantie-type to which, on the basis of descrijition and acconijianying illus¬ 
tration, it is clearly referable. This procedure can, however, be followed only 
if the type specimen of A. macroaperma is definitely determined to be of the 
mississippi-type,^^ Should this specimen jirove either to be unidentifiable or 
of the atlantie-fjfpe, the only available specific epithet for the tnissisfdppi- 
type populations would be NuttalTs pumiUu for there can be no question 
as to which type of Arundinaria Nuttall was considering when he described 
Mie(fia puynila (1837, 1. c.). However, because of the size connotation, per¬ 
haps it would seem to be somewhat unfortunate if it should be necessary to 
a])])ly this epithet to the predominantly tall canes of the mississipphtyped^ 

According to Hitchcock (1905, 1. <*.) the trpc of Arnndo (jitfonim in tlic Walter 
her]>ariuiii (in the British ^luseuin) consists merely of a sterile shoot with two leaves; 
no sjK‘ciinen of Annido Ircfa is j)resent in the WnJter collection. Also, Hitchcock (1908, 
1. c.) states that the Michanx s]>eciinen (in the Mnseum dUIistoire Naturelle at Paris) of 
Anindinana macro.spcrma is frngmentary nnd diflficnlt to assign to either of the two vS])e- 
cies; this last statement is almost certainly made on the basis of habital characters only. 

From the Avording of the distributional statement accompanying the original de¬ 
scription— flAB. ad rijms Hum. Missisau)i: in Parolina, Florida, &c.” (Michaux, 1. c.)— 
it Avould ap}>ear that Michaux collected the type of the species somewhere on the Missis¬ 
sippi River. However, Hitchcock (1908, 1. c.) records the data on the label of the type 
specimen as follows: ‘‘Oramen altissimum ramosum a Virginia ad Floridam & in occi- 
dontalibiis juxta fluviis ad Tllinoensibus ad ostium Misissipi.” This is suggestive that 
Michaux’s specimen came from somewhere on the Atlantic C\)astal Plain. 

Actually, the use of this epithet might not be really .so unfortunate. If, as is previ¬ 
ously intimated in this paper, the lowland populations of the missi>isippi4ifpc have been 
derived from the upland types nov i)resent at the headwaters of certain of the tributaries 
of the (himberland-Appalachiaii drainage systems, then these coarse canes might well be 
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There perhaps may be some question why I did not borrow and examine 
all of the specimens of Arundinaria available in American herbaria. The 
problem of the North American native canes has been presented in this pre¬ 
liminary manner for several reasons. In the first place, the need for careful 
study—over a period of years—of the complex throughout its entire distri¬ 
butional range, the extent of this area of distribution, and the infrequent 
flowering ])eriods of many populations, makes the problem of delimitation 
of unit-entities in this segment of Arundinaria more than a one-man job. 
Secondly, it is my belief that the herbarium specimens now on file in our mu¬ 
seums are not adecjuate for the delimitation of entities within the genus. At 
such time as the biology of the group is more thoroughly understood as the 
result of detailed and extensive field studies, the specimens at present avail¬ 
able—togetlier with those which will be collected in the course of future 
studies—may be utilized in developing the exact distributional i)atterns of 
this segment of the genus.^'^^ And, lastly, since no definite application of 
names can be made at the present time—^the solution of the nomenclatural 
phase of the problem outlined in this paper, therefore, beiiig scarcely a pros¬ 
pect of the immediate future—it did not seem atlvisable at ])resent to ex¬ 
amine more material than that available in the herbarium of the New York 
Botanical Garden. 


CONCLUSIONS 

In current manual treatments of the North American canes {Arundi- 
naria) two species are generally recognized. The differentiation between tliese 
species has been made on the relative height of the plants and the manner 
in which the inflorescence is borne. Since there is eviden(*e in the literature 

considered ;ia only a growth-form modification of the upland cane. As Dr, Camp lots 
pointed out in our personal discussion of this matter, the epithet pinnila c(*rtainly would 
be applicable to much of the upland miaaissippi-hjpr material which, on the basis of avail¬ 
able evidence, is conspecilic with the missinsippi-ti/pe material of the certainly nioister and 
more fertile lowland habitats. 

Despite the irrtjgular flowering periods of certain populations of cane, flowering 
and fruiting material should be obtained whenever possible. In future collections of sterile 
material it is suggested that collectors make an attempt to obtain from a single plant 
specimens from both the current season’s growth and the canes of preceding years; it also 
seems advisable that specimens be taken from at least several plants in a single locality 
in order to determine the degree of variability in each particular area. Moreover, because 
of the known variability of the grouj) on the Atlantic C'Oastal Plain and the eastern seg¬ 
ment of the Gulf Coastal Plain, mass collections should be made whenever possible in 
these regions. 

ao The only exceptions to this statement have been my examination of a fragment of 
a specimen (Ph/male fi. n.) from the only locality in West Virginia in which Arundinaria 
has been collected, and of fragments of two specimens {Welln .f. n. and Buell ft. n.) from 
North Carolina. These fragments, obtained through the courtesy of Dr, E. L, Core, of 
the University of West Virginia Botany Dept., and Dr. B. W. Wells, of the North Caro¬ 
lina State College Botany Dept., are now dejmsited in the herbarium of the New York 
Botanical Garden. 
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that a Kinj?le plant may produce both types of flowering culms, the conclu¬ 
sion has been rea(died by some workers that only one species is present in 
North America. 

A preliminary examinatioji of species available to me indieates that two 
types of spikelets, differing in several well-defined characters, are present in 
the North American cane ])opulations. Since the type specimens necessary to 
the solution of the nomenclatural i)hase of this problem are not at present 
available for study, these two entities have been designated the atlantiC’type 
(this one being best developed on the Atlantic Coastal Plain) and the mis- 
sissippi-iifpc (this being the only type apparently present in the drainage 
basin of the Mississippi liiver). Since the characters of the spikelets appear 
to be of fundamental value in the classification of the Gramineae, and since 
both growth-forms are associated with each of the sy)ikelet types, it seems 
evident that the habital cliaracteristics used in most former treatments of the 
group are not to be (‘onsidered as specifically diagnostic. There is also evi¬ 
dence that c(‘j‘tain (*hara(*ters of the leaf sheaths are correlated with the 
spikelet types. On the basis of these leaf sheath characters, the ailanfic-fypc 
seems to have affinities with the South American members of the group, while 
the mississippi-fypc seems more closely related to certain of the Asiatic 
members of the genus. 

Despite the fact that intermediates have ap])arently been produced in 
certain areas where both the athnitic- and the mississippi-ty 2 )es occur, it is 
maintained in this paper that two s])ecific entities are present in the North 
American po})ulations of Arutidinaria. These may be distinguished by char¬ 
acters of the spikelets and leaf sheaths, but not by the habital characters 
g(merally used in the available treatments of the genus. 

The New York Dotank al Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?—I 

Leon Croizat 

In a I'eeent paper (Rhodora 44: 157. 1942), Fosberg reveals that a pro¬ 
posal is being circulated to have the Botanical Congress rule out in due 
course the use of the epithets tyjncus, genuinus, verus, veridicm, and the 
like. Under this proposal the place of these classic epithets should be taken 
by the epithet in the binomial. Accordingly, it should be illegitimate or un¬ 
orthodox to publish Planta una var. iypica, the correct form being solely P. 
nna var. nna. 

Such a proposal is not new. One fundamentally like it was advanced by 
Bolle five years ago (Notizbl. Bot. Gart. Berlin 13: 524. 1937), and three 
years ago Fosberg proposed likewise to amend Art. 30 of the current Rules 
(Am. Jour. Bot. 26: 229. 1939) which is supposed to be responsible for 
nomenclatural difficulties when typicus and its equivalents are being used. 

The recurrent nature of these proposals indicates that the Rules now in 
vigor leave something to be desired and that changes are necessary. My pur¬ 
pose in writing this article is naturally twofold. I intend to analyze the pro¬ 
posal to which Fosberg alludes and that of Bolle in order to determine 
whether the measures sponsored therein are pertinent and efficacious. This 
done, I will briefly state what I believe to be the true natun* and function 
of the trinomial typicua. So apj)roached in a spirit of exhaustive discussion 
the subject at hand will yield not only practical and theoretical (considera¬ 
tions but a concrete platform for further comi^etent discussion. 

Anyone who intends to modify existing rules, be these rules concerned 
with the sale of milk in the market of Gopher Junction or with the ))roper 
use of taxonomic names in the halls of a botanical institution, should liave 
a clear understanding of three requirements. These requirements arc: (1) 
The pr()j)osed amendment must be consistent with the rules that already 
exist. This means that the amendment must consider what rules say and 
avoid conflicting with their broader aspects. More definitely: intoided 
changes must be neatly and properly grafted on existing regulations; if 
conflicts arise between the old and new rules, these conflicts must be smoothed 
out, either by suitably modifying the proposal itself or by altering the rules 
that are. Loose ends, contradictions, obscurities are abhorrent to a wise re¬ 
former. (2) In no case shall the remedy be worse than the evil which it in¬ 
tends to cure. Heavy drinkijig is an unmitigated curse but enforced }>rohibi- 
tion is just as bad, perhaps worse. A would-be reformer must keep in mind 
that any rule is bound to be imperfect and carefully weigh the consequences 
of the changes he sponsors, lest these changes open the door to consequences 
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even less desirable than the existing? ineoiivenieiieeSi (3) The proposed reme¬ 
dies must be applied where they do the most good in the most direct manner. 
It is useless to deal in generalities and pious wishes without stating the 
manner of their application to specific cases. 

These three primdples are not controversial because they s])eak tlie voice 
of (*ommon sense. A competent horticulturist does not graft a scion two 
inches thick on a stock an iiuih wide; a seamstress does not mend a torn spot 
in a black dress with coarse white thread; a physician does not leave a potion 
behind without telling the patient how to take it and when. I restate these 
j)rinciples for reasons tliat will later be apparent to tlie reader. Wlienever 
a subject is involved wliich is controversial and obscure, it is (ssrniial to 
return to fnndonK nfats, redefining the major premises of the discussion, 
informing those who seek the light or need it. To build truly we need solid 
foundations, readable bliie-])rints, and precise formulae. 

In the copy in my Jiaiids, the proposal to wliicli Posberg alludes reads 
in part as follows: 

Proposal IT. Article 30 a. Each snhsjxeffic (froup, of 'whatever rank, 
whieh rnetuftes the fijpe of the speeies, shall he designated hg the valid s})e- 
eifie epithet of the speeies. For nomenelatnral ]>nr}ioses this epithet, when 
}(sed for a snhsjKeifie group, has no authoritg and no citation and can not 
he transferred, e,rcej)f as the s])ceies to which it is suhardinoted may he trans- 
firred. Each suhsjiecific group whieh includes the type of the next higher 
suhspccifie group hut whieh excludes the type of a sj)ecies shall he designated 
hy the valid suhsjieeijie epithet of the next higher group,^* 

This p)-o|)osal is not likely to appeal to the majority of its readers on the 
ground that it is woi'ded in highly technical language. This, however, is not 
in itself a blemish, foi* it is jiatent that to deal with teclinical subjects tech¬ 
nical language must be used. It is too much to hope that everything can 
always be written in sentences. Obviously, the burden of making 

techni<‘al language understandable, and of understamling it, rests evenly 
upon the shoulder of the writer and of the reader. If both the j)arties to the 
transaction prove incompetent or unwilling, nothing will ever be achieved. 
It is strang(‘ that many who object strenuously against techni(*al language 
in the Kules of Nomenclature ]U’ove to be good bridge ])layers, having at 
their fingertips a vocabulary staggering to the uninitiated in the game. 

The pro])osal just stated (‘onsists of four main ])arts wliicli must be dis¬ 
cussed in detail, as follows: 

(1) ^'Eiich suhspecific group, of whatever rank, whieh includes the type 
of the species, shall he designated hy the valid specific epithet of the 
s])ecies. . . 

Article 2 of the current; Eules of Nomenclature (Amsterdam, 1035) 
states: ‘^The object of the rules (Art. 10-74) is to put the nomenclature of 
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the past into order and to provide for that of the future. They are always 
retroactive: names or forms of nomenclature contrary to a rule {illegiti¬ 
mate names or forms) cannot be maintained.” This declaration is imper¬ 
fectly worded, of course, to the extent that it refers to the Articles as 
“rules,” a term which we commonly use in a looser and broader sense. How¬ 
ever, it is perfectly clear that, (a) The Articles are always retroactive; (b) 
Forms and names contrary to an Article cannot be maintained. 

This being the case, the proposal advanced by “Art. 30 a” in the clean- 
cut words quoted above has for its immediate effect to render illegitimate 
any of the typic trinomials published after 1753 which does not repeat the 
specific epithet. I believe that this is not the intention of the proponents of 
“Art. 30 a,” but good intentions are meaningless in a world in which only 
facts count. Either Art. 2 goes as it reads or “Art. 30 a,” for there is war 
between them. My interest in discussing this proposal will be clear to the 
reader who is told that about one thousand trinomials using typicus or genu- 
inns instead of the specific epithet repeated are contained in Volume 15 of 
De Candolle’s Prodromus (2) which I consult every day. If “Art 30 a” is 
approved and written into the Rules, all these trinomials are turned into 
scrap, scrap of a kind which cannot be used otherwise than as synonymy. 
It stands to reason that “Art. 30 a” runs afoul also of Art. 4 in the current 
Rules which reads: “The essential points in nomenclature are: (1) to aim 
at fixity of names; (2) to avoid or to reject the use of forms and names 
which may cause error or ambiguity or throw .science into confusion. Next 
in importance is the avoidance of all useless creation of names.” It is mani¬ 
fest that “Art. 30 a,” if approved, will upset the trinomials now in use, 
throw science into confusion and foster the creation of thousands of new 
trinomials to replace those which this “Article” would slaughter. Having 
pointed out these results of “Art. 30a” in private conversations, I have 
been told in return that the existing trinomials using typicus, genninus and 
the like should be “quietly ignored.” No objection could be raised against 
their being ignored, quietly or otherwise, if the authors of this “Article” 
would only state how it is possible to elude the precise disposition of Art. 
2 and Art. 4. This, “Art. 30 «i” does not say, which is a capital omission. 

(2) “. . . For nomenclatural purposes this epithet, when used for a 
subspecific group has no authority and no citation. ...” 

The implications of these seventeen words are staggering, for they con¬ 
tain an entirely novel and revolutionary concept of authority and citation, 
a concept which is unenforceable on account of conflict with rock-bottom 
realities. Article 15 in the current Rules states: “The purpose of giving a 
name to a taxonomic group is not to indicate the characters or the history 
of the group, but to supply a means of referring to it.” Article 46 in the 
same Rules reads: “For the indication of the name (unitary, binary, or 
ternary) of a group to be accurate and complete, and in order that the date 
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may be readily verified, it is necessary to cite the author who first published 
the name in question/^ This is plain speaking: and common sense. A taxo¬ 
nomic name is a label, no more, no less. If this were not so, names untrue to 
the characters or to the history of the group naturally ought to be changed. 
There would be no end to such changes, of course, because every age under¬ 
stands characters and histories in a different light. It is patent, moreover, 
that the Rules wish to have this label complete, that is, filled with the data 
making it possible to ascertain without doubt and delay its author and ori¬ 
gin. Synonymies were in use long before Linnaeus, and even the oldest 
among them are careful to state the authorities of the names, this statement 
being an essential requirement in any citation. Nor is this all: it is only by 
reference to citations and authorships that priority can be determined. 

The same weakness reappears in the statement just quoted from ‘‘Art. 
30 a” which is manifest in its o])ening declaration. This weakness consists 
in the neglect of what the existing Rules say, and in the failure to indicate 
how the projicsed reform is to work. Taking “Art. 30 a” at its word, I might 
not write down on paper such citations as: Manihot gracilis Pohl var. genu- 
ina Muell.-Arg. in DC. Prodr. 16(2): 10G5. 1866; or: Mallofus orcophilus a 
ochraceo-alhifius Muell.-Arg. in op. cit., 964; but the fact that I could not 
legitimately write these data would certainly not free me from the duty of 
knowing precisely where and by whom these trinomials have been published. 
In cases involving doubt or yiossible controversy should I write such copy 
as this: Manihot gracilis Pohl var. —am forbidden by Art. 

30a (now happily in vigor) to use the original trinomial genuina of 
(authorshii) cannot be given). I propose, consequently, in 
obedience to said Article a new variety gracilis. If somebody is to cite this 
variety, let him understand that Art. 30 a forbids him to reveal that I am 
the author of this name, and that the page and work in which T write this 
cannot be referred to”? Or shall I write this: Manihot Tolcdii var. Tolcdii 
. . .. If the reader wishes to know whether I am right in spelling 
Tolcdii instead of Toledi, will he please look (authority and 

citation not to be given under Art. 30a)”? 

What do the proponents and authors of “Art. 30a” mean when they 
s])eak of nomcnclaiural purposes'll What does it mean that “A snhspecific 
group has no authority and no citation'"! How is an author to avoid 
^Umthority and citation" when he uses a taxonomic name, since such a name 
has definitely been published somewhere by somebody? Even tolerably pre¬ 
cise and sound generalities are void of sense when the means are not given 
to work them against concrete cases; how are we, then, to use vague and 
unsound generalities? 

(3) “. . . For nomenclatural purposes this epithet . . . can not he 
transferred, except as the species to which it is subordinate may he trans¬ 
ferred, ...” 
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A Statement similar to the one quoted is contained in the current Art. 
18, this Artitde being: a peculiar compromise between different concepts of 
type. Article 18 reads: ‘*A nomenclatural type is that constituent element 
of a gtronp to which the name of the grroup is permanently attached, whether 
as an accepted name or as' a synonym.'^ It is true that Art. 18 dec^lares that 
the nomenclatural type of a species is a specimen, description, or figrure, but 
it is none the Jess true that Art. 18 hardly knows its mind. Witness the Note 
which is an integral part of this Article and says: ‘^The nomenclatural type 
is not necessarily the most t^ypical or representative element of a group; it 
is merely that element with which the name of the group is i)ermanently 
associated.’’ If, as Art. 18 declares, a specimen is indeed the nomenclatural 
type of a species, the Note in questioji is straight nonsense. A specimen 
certainly is the ^‘inost typical or representative element” of a sj)ecies which 
is known from a single collection. To make the point clear: how can Roi^e 
18658 fail to be the ‘‘most typical or representative element” of Tricho- 
ecrcns peruoianu^i, when T. peruvianas solely rests u]K>n Rose 18658? As a 
matter of fact, Art. 18 refers in its Note to a nomenclatural type which is 
certainly not a S])ecimen, thus belying its ow»i definition. This Art. 18 does 
because it tries to effect an unsuitable compromise between different (*on- 
cepts of type, (jonfusing as one, (a) a type-circurnscri])tion; (b) a type- 
specimen; (c) a biological type. The Note in Art. 18 states in reality tliat 
the type subdivision (type-trinomial or type-binomial, type-genus (u* type- 
family) is not necessarily the most typical or representative element of thi‘ 
group (species, genus, family, or order) in the biological sense. It is merely 
that element to which the name is permanently attaclied. To exemplify: 
Planta vna var. iypica is not necessarily the mo.st typical or representative 
element of the biological complex understood as P. una. It is merely the tri¬ 
nomial that cannot be transferred out of P. una. Clearly, sj)ecimens have 
nothing to do with this, nor have descriptions and illustrations. 

Although illuminating and interesting, the history of Art. 18 cannot now 
be told because it is not germane to the subject immediately at hand. Suffi('e 
it to say that this Article appeases, without effectively (compromising, two 
historic concepts of type, the American revolving around type-specimens^ 
and the classic European centering around type-names. Readers who may 
be iimlined to doubt the existence of these concey)ts are referred to a good 
authority, Greenmail (Bull. Torrey Glub 67: 372. 1940), who is qualified to 
speak by his mature experience wdth both European and American botanical 
thought and usage. 

Article 18, indirectly and imperfectly, it is true, but none the less effec¬ 
tively takes care of the dictum of “Art. 30 a” when it states that the nomen- 
elatuml type and the group for which it stands are “permanently attached.” 
'Obviously, the attachment being permanent, the nomenclatural type (for 
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instance, Flania una var. typica) and the group for which it stands (P. 
una) cannot be transferred apart, but must be moved together. Article 18, 
as a matter of the record, goCvS so far as to specify that the permanency of 
the attachment endures even if the nomenclatural type and its group are 
synonyms of other names; which is redundant, as it may not occur to any¬ 
body having any smattering of nomenclature to put P. una in synonymy and 
to treat P. una var. iypica as valid or legitimate. It is patent that “Art. 
30 a’’ is not needed, but a redefinition of Art. 18 is much to be desired, purg¬ 
ing this Article of the contradictions which make of it a water-logged wreck 
rather than a trim vessel. 

(4) ^'Each auhspecific group which includes the type of the next higher 
subspecific group hut which excludes the type of the species shall he design 
iiated by the valid stihspecific epithet of the next higher grou]).^^ 

This declaration has moved me to appreciate at long last the wisdom of 
the .saying that the Rules should be let alone to prove themselves for a 
thousand years. Several months of meditation have not cleared in my under¬ 
standing the purposes of “Art. 30 ain respe(*t to the statement just quoted. 
I am dubious as to my interpretation of it, and only time, long time, will tell 
whether 1 have succeeded in j)iercJng the veil of Isis and really approached 
the .sanctum. Naturally, 1 offer my interpretation of this part of “Art. 30 a’’ 
for what it is worth, and shall willingly .stand corrected if I have failed to 
clutch its vitals. 

If I read this prose aright, 1 understand that Plant a guaevis subsp. una, 
w]ii(*h is not the type-subspecies of the binomial, this being P. guaevis subsp. 
guaevis (or iypica, genuina, or the like), can have as its typic variety only 
P. guaevis var. una. In other words: the principle woidd .seem to be reaf- 
firjned here that P. guaevis .shall have as its typic trinomials only subsp. 
guaevis, var. guaevis, and forma guaivis, whereas P. guaevis .subsp. una 
shall be followed by such typic trinomials as var. una and forma una. 

If this is the case, “Art. 30a” displays praiseworthy consistency, its 
standards in this particular respect being higher than those of Art. 18, which 
roundly contradiids itself. However, the very .same objection rises here that 
I have invoked before, namely, every trinomial which fails to <*omply with 
“Art. 30a” is juade illegitimate. The point does not need to be elucidated 
and dis<‘us.sed once again. I will emphasize the fact, however, that it is not 
easy to handle chains of trinomials, and that to make this handling twice as 
difficult by enforcing unnecessary shibboleths is hardly an evidence of wi.s- 
dom. The primdple that best serves here is, on the contrary, that arbitraxy 
shackles must not be provided to hamper individual freedom in cases that 
are in themselves hard to manage. Let things stand as they are, so long as 
it is not absolutely nece.s.sary to modify them. Hou.ses of cards are not made 
steadier by tinkering around the corners in order to have all edges running 
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true to perpendicular. Such houses look better in theory when they are 
straightened up, but in practice they fall to the ground. Anybody who 
handles as his daily fare the trinomials of Briquet, Hackel, Ascherson & 
Graebner, Mueller Argoviensis, and such past masters in the use of half¬ 
tones will not feel kindly disposed toward hands that reach out to make the 
game harder than it is. To abstain from reforms which are both unnecessary 
and unwanted is the earmark of a philosopher. 

It seems hardly necessary to discuss the ‘‘Argument’’ that bolsters 
“Art. 30 a.” Only two statements in it may be paid cursory attention for 
the sake of a well rounded analysis. Quoth the “Argument” this much: 
“. . . Proposal II does away with the use of such terms as typica, originalis, 
and the like, all of which have occasionally been misinterpreted as indicating 
the phylogenetic type of the species, . . . Since subspecific groups are not 
included in the Index Kewensis, this proposal simplifies nomenclatural inves¬ 
tigations in taxonomic work and, since authorities are not cited, it obviates 
cumbersome double citations for many subspecific groups.^* 

The fact that typicus, genuinus and the like have been occasionally mis¬ 
interpreted as indicating the phylogenetic type of species, or other things, 
does not prove that these epithets should be blotted out, granted that it were 
possible to do so, which it is not. It merely means that those who abuse these 
trinomials and misunderstand them should be properly instructed by compe¬ 
tent teachers, and forever furnished Articles and Recommendation that are 
well conceived and thoughtfully worded. The fact that a knife cuts one’s 
finger when mishandled does not constitute a valid reason why a turkey 
should be torn to pieces by hand instead of being neatly carved with good 
steel. Since the Index Kewensis does not list subspecific epithets, and tri¬ 
nomials are as a rule much harder to trace back than binomials, nothing 
should be done in principle to disturb them without absolute necessity. The 
hope that nomenclatural investigations can be simplified by withholding the 
citations of authorities is most peculiar, for it is only by citing these authori¬ 
ties fully and correctly that nomenclatural investigations can be made 
simpler. It might facilitate my own task not to cite authorities, but this 
certainly will make harder the task of my neighbor. Nor is this all: if my 
neighbor decides to ease his own work by following my lead, it is I who stand 
at the receiving end. Bibliographical work is as much of a burden to a tax¬ 
onomist as answering night calls is to a physician, yet each profession must 
be takep at its face value, putting up with its emoluments and liabilities. 

In conclusion: it is certain that “Art. 30a” is shot through by fallacies 
so glaring that it should be promptly withdrawn from circulation, its sub¬ 
stance being such that it cannot be improved by hopeful manipulations. This 
“Article” violates in a precise and direct manner Art. 2, Art. 4, Art. 15, 
and Art, 46 of the Rules now in vigor, a circumstance that its authors ap- 
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pear to have overlooked altoj?ether; it advances a new theory of citation 
which is of impossible application; it lays hands upon an Article (Art. 30) 
which, as will be seen, is not at all concerned with the reforms intended; it 
wanders aimlessly to introduce a chancre in the Rules which can easily be 
effected by a slight addition to Art. 55, which soon will be apparent; to 
achieve a single worth-while purpose, providing for the diflSculties arising 
when typicus, genuinus, and the like are transferred, it merely repeats a 
dictum which is already poorly stated in Art. 18. In brief, if the simile may 
be forgiven, this ‘‘Article’’ wrecks a house in order to dig out a penny from 
under a table. That this “Article” is withdrawn without causing further 
doubts and confusion is a legitimate hope, this hope also justifying the 
passing in silence of all other proposals that go with “Art. 30 a,” and are 
not better grounded than it. 

The proposal of Bolle that affects the typic trinomial, although based on 
a misai)prehension, cannot be said to be objectionable in its essence. Bolle 
])oints out in substance that when AcomadyUH data var. fypica is trans¬ 
ferred to A. Pcckii, the resulting new combination must be A. Peclni var. 
iypica. This combination, Bolle further points out, is erroneous because the 
typic variety of A, elafa is not the typic variety of A. Peckii, Moved by this 
knowledge, Bolle asks that a Recommendation, not an Artidc, be written 
into the Rules to discourage the use of typicus, gcnuinaSy and the like, urg¬ 
ing on the contrary that the specific epithet be repeated. Accordingly, if A. 
data var. data is to go under A. Peckii a new combination results, A, Peckii 
var. data, which is satisfactory. 

The misapprehension in Bolle’s thought arises from the fact that a 
Recommendation is neither retroactive nor mandatory. Accordingly, Bolle’s 
proposed Recommendation is powerless to eliminate the inconveniences 
arising from the transfer of typicus and its equivalents, genninus, vcruSy 
and the like. This Recommendation is a broken reed, and falls short of what 
Bolle hopes to secure from it. To elucidate the point at issue, let us suppose 
that a taxonomist is faced in 1952 by the problem of transferring Manihot 
gracilis var. gcnuina Muell.-Arg. (1866) to M. tennifolia. This taxonomist 
cannot reject the variety, for it is legitimate and must, somehow, transfer 
it in a manner other than by moving gcnuina under M. tcnuifolia. If Bolle 
had his wish come true, this taxonomist turning to the Rules to learn how 
to act would find therein a Recommendation urging that after 1950, let us 
say, no variety gcnuina should be published. Naturally, this much would not 
help the inquiring taxonomist in the slightest, for his interest would be to 
learn how to act at the moment, transferring a trinomial gcnuina legiti¬ 
mately published in 1866. 

It is patent, consequently, that neither by forbidding the use of typicus, 
genuinus, and the like in an* Article nor by discouraging it in a Recommen- 
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dation can the pTobJem be solved which disturbs the authors of ** Art. 30 
and the sponsors of Bolle’s ^^Eecoramendation.’^ The solution, obviously, 
must be soujrht elsewhere. To find this solution is most easy. There is an 
Article in the Rules now in vigor which orders that in transferring a sub¬ 
division of a species to another species the earlier legitimate epithet must be 
maintained. 7'his is the Article^ to be modified because it is the one immedi¬ 
ately concerned with the matter. 

Article 55 reads: ‘‘When a variety or other subdivison of a species is 
transferred, without change of rank, to another genus or species (or placed 
under another generic or specific name for the same genus or species) the 
original subdivisional epithet must be retained or (if it has nat been re¬ 
tained) must be re-established, unless one of the following obstacles exists: 
(1) that the resulting ternary combination has been previously and validly 
published for a subdivision based on a different type, even if that subdivision 
is of a different rank; (2) that there is an earlier validly published subdivi¬ 
sional epithet available.’’ Shorn of technical trappings, this text means that 
the original specific epithet must be shifted w’ithout being changed, unless 
the shift creates a later homonym or a synonym. Naturally, this text orders 
that the trinomial typicus, too, be transferred, for it speaks of all subdivi¬ 
sions, without making exception for typiens and its kindred. 

To remedy this situation, therefore, a clause must be added to Art. 55 
w’hich exempts the trinomial typiens^ genuinus, and the like from transfers, 
and asks that the first meaningful epithet of higher rank be moved instead. 
This can be done by the following addition to Article 55: “. . . (3) that a 
trinomial epithet fypious, genuinus, \)er%is, veridicus^ or the like (cf. Rec. 
xviii and Rec. xxxv) is to be transferred. In this ease the epithet of the name 
next above in rank other than typicus, genuinus, etc., shall be transferred 
. . , Examples: . . . Acomastylis elata var. typica when transferred to A. 
Peckii becomes A. Peckii var. elata not A. Peckii var. typica.—’■Planta 
quaevis var. typica f. genuina put under Arbor qualis becomes A. qualis var. 
quaevis f. quaevis.—Frutex unicus subsp. quilibet var. originarius moved to 
Caulis magnus is turned into C. magnus subsp. quilibet var. quilibet.^* 

This solution is liable to modifications and changes as a matter of course, 
if concrete evidence shows that it must be altere<l in detail or enlarged to 
take care of special cases. To discuss in full is bound to be constructive, and 
I shall welcome the opportunity to be shown wdiere and how I might have 

1 Article 55 will hnve to be modified at any event, for it fails to foresee the difficulties 
which arise when the trinomial typievsj genuinus, and the like are transferred in obedience 
to its present dicta. However, the proper place to deal with anything pertaining to types 
is in Section 2 of the Buies, which deals with ‘^The type method.’’ I refrain from dis¬ 
cussing this Section in full here, because such a discussion would not be wholly germane 
to the subject under present consideration. 
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erred in drawing it up in its present form. It is eouceivable that some reader 
knows of examples that have escaped my notice and bear directly upon the 
text here outlined. However, it may be stated that this solution, regardless 
of details, is simple and forcible for two reasons: (1) It directly acts upon 
the Article involved and does not ramble so as to lay hands upon Articles 
that are unrelated with the subject; (2) It takes due account of the fact that 
A. elafa and A. vlaia var. iypica are both typified by the very same speci¬ 
men. Since, ill the last analysis, it is this specimen which must become the 
type-s])e(‘imen of the new variety under A. Peekii, it is irrelevant that the 
name given to this specimen is drawn from the binomial rather than from 
the trinomial. To elucidate: Wallivh, Sirmore ct* Kemaon is the type-speci¬ 
men of both A. elaia and A. elala var. Iypica, while Peck in herb. Banks, is 
the type-sp(H*imen of A. Peekii. When A. data is brought as a variety under 
A. Peekii, the new combination expresse<l on the basis of the specimens can 
be stated as follows: Peck in herb. Banks, has for its variety Wallich, Sir- 
more d* Konaon. It stands to reason that since the latter specimen typifies 
both A. data and A. data var. iypica, we may use data rather than iypica 
as a matter of free (‘hoice, without doing violence to the inherent truth of 
the transfer. Naturally, the new combination .^l. Peekii var. data is satis¬ 
factory. The fact that the authors of Art. 30 and Holle failed to discover 
this egg of (.'olumbus seems to be due to lack of familiarity with the Kules, 
and with a less than perfect understanding of the nature of the trinomial 
iypiens. 

It is ])rohable that some taxonomists will choose to believe that a modifi¬ 
cation of Art. 55 re(juires a change also in Art. 58, which—in their under¬ 
standing—is su])posed to order that an ohler valid name is transferred wlien 
the rank is changed. These taxonomists take it for granted, for instance, that 
when Plant a ana var, tact a becomes a species, the new name must be P. lacia 
comb. nov. If this interjiretation be true. Art. 58 should be modified together 
with Art. 55 to jirovide for the s])ecial case involved by the transfer of fypi¬ 
cas and its eciuivalents. It is my definite understanding that Art. 58 does not 
re(|uire a modification to take care of iypicas and like epithets. However, 
a not irrelevant segment of botanical opinion implicitly holds to the oppo¬ 
site view. Naturally, I am bound to state my reasons in order that those wlio 
believe I am in error may expose the fallacies of which 1 am guilty, if possi¬ 
ble, showing how Art. 58 must be modified in regard to the ty])ic trinomial. 

In the Code of Paris of 1867, Art. 58 stated; ‘‘Lors<pC une tribu devient 
famille, (lu’un sousgenre on une section devient genre, qu’une subdivision 
dVspece devient espece, on (pie d('s cliangements out lieu dans le sens in¬ 
verse, les noms ancieiis d(*s groupes subsistent, pourvu (]u’il n’en rf'sulte pas 
deux genres du meme noni dans le regue vegfdal, deux subdivisions de genre 
ou deux es]>eces du nuune nohi dans le meme genre, on deux subdivisions du 
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inem« nom dans la meme espeee/* (When a tribe becomes a family,.a sub¬ 
genus or a section becomes a genus, a subdivision of a species becomes a spe¬ 
cies or the reverse of these changes take place, the old names are maintained 
so long as the result of this maintenance does not call for a later homonym 
of generic, specific or subspecific rank.) This text is definite to the effect that, 
for instance, Magnolia virginiana var. foetida L. (1753) must become Af. 
foeiida (L.) Sarg. (1889) as a species, the older epithet (foetida) persisting 
in the new combination. In his **Commentaires,’^ Alphonse De Candolle, the 
author of this Article, states as a matter of fact (Lois Nom. Bot. 6i. 1867): 
‘‘Les dispositions de ces articles (57, 58) paraitront nouvelles a plusieurs 
botanistes, du moins en ce qui concerne les modifications d^espece-. Elies sont 
cependant utiles pour empecher la multiplication des nohis et aider la 
mcmoire en cas de mutation de place ou de rang. Plusieurs auteurs exacts 
les observent depuis longtemps.’^ (The rulings in these Articles (57 and 58) 
will strike some botanists as novel, at least so far as they concern the re¬ 
modeling of species. These rulings will serve, however, as checks upon the 
needless publication of new names and will provide useful reminders when 
names change their position and rank. These rulings are already being fol¬ 
lowed by several critical botanists.) 

No one would think of using today the Paris Code of 1867 for the simple 
reason that, despite its fundamental nature and its inherent perfection, in 
it weaknesses and blemishes were revealed. For instance: Art. 56 of this 
Code has been dropped. It stated: ‘‘LorsqiCon divise une espece en deux ou 
plusieurs especes, si Tune des formes a etc plus ancieiinement distinguee, le 
nom lui est conserve.” (When a species is remodeled into two, the binomial 
is maintained for that part which has ftrinomially] been designated first.) 
This dictum was hardly sound, for it could lead to the acceptance of the first 
published trinomial as typic of the binomial; accordingly, Boissier’s Eu¬ 
phorbia Nagleri p haliensk would have been typified by the trinomial balien- 
sis against Boissier’s own intentions in designating this variety with the 
letter p instead of a, the latter being accepted according to good usage as the 
connotation of the typic variety. Clearly, the type-variety of E, Nagleri ,is 
an as yet unpublished trinomial fypicus or Nagleri, based upon Nagler in 
herb. Berol., not upon Zollinger 2975, which is the type-specimen of P bali- 
ensis. 

Article 58 of the Paris Code has been maintained under the same number 
in the InternationarRules of Amsterdam (1935). In the English text, this 
Article reads: ‘‘When a tribe becomes a family, when a subgenus or section 
becomes a genus, when a subdivision of a species becomes a species, or w’hen 
the reverse of these changes take place, and in general when a group, changes 
its rank, the earliest legitimate name or epithet given to the group in its new 
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rank is valid, unless that name or the resulting association or combination 
is a later homonym (see Art. 60, 61).’’ 

This Article has been proposed for modifications and it is notoriously 
ambiguous. Its ambiguity, however, is not of the fundamental nature which 
taints Art. 18, but is due to careless editing, a blemish apparent at several 
points in the Rules. This Article clearly consists of two parts, namely: (1) 
‘‘When a tribe becomes a family, when a subgenus or section becomes a 
genus, when a subdivision of a species becomes a species, or when the reverse 
of these changes take place, and in general when a group changes its rank, 
the earliest legitimate name or epithet given to the group in its new rank is 
valid, . . . Examples: The section Campanoims R. Br. {Prodr. FI. Nov. 
Roll. 561: 1810) of the genus Campanula was first raised to generic rank by 
Schrader, and as a genus must be called Wahlenhergia Schrad. {Cat. Hort, 
Goctt.: 1814), not Campaiiopsis (R. Br.) 0. Kuntze (Rev. Gen. II, 378: 
1891).—The var. foetida L. {Hp. PI. ed. 1. 536:1753) of Magnolia virginmia, 
when raised to specific rank, must be called Magnolia grandiflora L. {8ysi. 
Nat. ed. 10, 1082:1759), not Ma^^noUa foetida (L.) Sarg. (in Gard. and For. 
II, 615: 1889)— Lyihrnm intermedium Ledeb. {Ind. Hort. Dorp.: 1822), 
when treated as a variety of Lythrum Salicaria L., must be called L. Sali- 
caria var. gJahriim Ledeb. {FI. Ross. II, 127: 1844), not L. Salicaria var. 
intermedium (Ledeb.) Koehne (in Eng). Bot. Jahrb. I, 327: 1881). In all 
these cases the name or epithet given to the group in its original rank is 
replaced by the first legitimate name or epithet given to it in its new rank.’^ 

. There is not the slightest possibility of reading this text and its examples 
to mean that the epithet or name given to a group in a rank must be main¬ 
tained in another rank. Campanopsis, foeiida^ intermedium are the oldest 
names given to a certain entity, yet these names fall against Wahlenhergia, 
grandiflora and glahrnm which are later names given to the very same entity 
in a different rank, genus instead of section, species instead of variety, vari¬ 
ety instead of species. Arti(‘le 58 of the current Rules, consequently, unequiv¬ 
ocally contradicts Art. 58 of the Paris Code of 1867; one says white, the 
other black. 

Article 58 of the current Rules, however, continues after the text just 
quoted as follows, (2) , unless that name or the resulting association 

or combination is a later homonym (see Art. 60, 61).’^ This ending is abso¬ 
lutely meaningless in view of the text that precedes it. The text that precedes 
it—as it has been seen—flatly rules out new combinations effected to retain 
the older names. Why, then, anything at all should be said here about new 
combinations being possible later homonyms? It is understood that if 
Wahlenhergia, Magnolia grandiflora^ and Lythrum Salicaria var. glahrum 
are later homonyms they must go, for this happens to every name in tax¬ 
onomy which is a later homonym, inside and outside the purview of Art. 58. 
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As I have said, this meaiiinf^less and confusing*: addition to Art. 58 is the 
result of careless editing?. While the substance of Art. 58 of the Paris Code, 
1867, has been radically altered in the new Art. 58, the one sayinji* black 
where the other said white, the new Art. 58 has been worded in a form that 
befits,—to a very small extent, it is true,—the old Article of the same num* 
ber. Careless editing: of the kind, leading: to endless misinterpretations and 
futile arguments, is in evidence here and there in the Kules and should be 
corrected. What Art. 58 of the current Rules actually states is very plain, 
for the meaning' of this Article is to be read in five lines of its text and in 
all its examples, the whole ringing as clear and as true as a bell. The ob¬ 
noxious and misleading rump of this Article is one printed liiie“that hangs 
ill the air. This line must go, the sooner the better. Naturally, I'do not believe 
that the modification I propose to introduce in Art. 55 has anything to do 
with Art. 58, for the two Articles are not at all germane. One (Art. 55) regu¬ 
lates transfers involving the same rank (subspecies to subspecies, vari(*ty to 
variety, form to form and the like); the other (Art. 58) concerns ti'ansfers 
effected in a different rank (section to genus, species to variety, vai*iety to 
species), which is a very different matter. To overstress a line of print which 
hangs from the window sill of Art. 58 without rhyme or reason, this in order 
to have two basically sound Articles become confused in their purpos(\s and 
ultimate conce])ts, is not commendable. A correction, not an “interpi’cia- 
tion’’ is here in order. 

It is not clear why the reformers of the trinomial typicus tilt witli Art. 
30, and attempt to plaster it with their manifestoes when this Artiele has 
basically nothing to do with typicus. It is petniliar, none the less, that this 
same Article should be widely misunderstood in other directions. 

Article 30 reads as follows: ‘‘Two subdivisions of the same species, even 
if they are of different rank, cannot bear the same subdivisional e])ithet, 
unless they are based on the same type. If the earlier subdivisional name 
(ternary combination) was validly published, the later one is illegitimate 
and must be rejected.” Some authors believe that this Article establishes the 
principle that all trinomials have the same rank, that is, for piirjxjses of 
priority a subspecies is tantamount to a variety or a form, building on this 
belief strange constructions of their own making. Other autliors, like the 
sponsors of “Art. 30 a” see in this text obscure meanings that involve the 
typic trinomial. 

The truth is plainly otherwise and to prove it is easy indeed. Let us sup¬ 
pose that Planta una has a subspecies rubra (1900), and that Arbor quaevis 
has a variety rubra (1930), too. Let us next suppose that the var. rubra of 
A, quaevis is transferred under P. una. Effected in the usual manner this 
transfer gives: Planta una subsp. rubra var. rubra. This, Art. 30 states, can- 
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not be done. The reason is simple: anyone who reads this citation under¬ 
stands automatical 1}" that the variety is typic of the subspecies because both 
the subspecies and the variety have the same epithet, ruhra. This would cer¬ 
tainly not be true if subsp. ruhra, for instance, were a hairy plant and var. 
rubra a glabrous one, the type-specimens of the two bein^ different. To pre¬ 
vent such a confusion from arisiufr, Art. 30 wisely arran<res that var. rubra, 
which is later in point of })ublication, must lose its name when transferred 
under P. una and become, for instance, var. niffra, for the citation then 
r(‘ads: una subsp. rubra var. nUjra, which lends itself to no ambiguity. 

Naturally, if subsp. rubra had been published later than var. rubra, it 
should be the subs])ecies rather than the variety to change its name. Lastly, 
Art. 30 allows for the case in which var. rubra happens to be the type-sub- 
division of subsp. rubra, making it j)ossible to retain both without alteration. 

This interpretilt ion of Art. 30 might be challenged as oATrdrawn oji the 
strength of one of the examples introduced under the Article which reads: 
“The following is incorrect: FJrifsimum hicraciifolium subsp. sfricium var. 
hnujisilicjuum and E. hivraciifolium subs]), panuouivum var. lo)upsiliquu)n — 
a form of nomenclature which alloivs two varieties beai'ing the same name 
in the same si)ecies,“ nothing being stated about tin* transfers wliieh I have 
chosen to illustrate my interpretation of the Article. This challenge deserves 
an answer, for it is based on the appearance of fact and works to the point. 

dearly, there should be no reason to forbid the use of var. loupisiliquum 
under different subspecies of the .same binomial unless for the purpose of 
avoiding a possible confusion betw(‘eji the two homonymous trinomials in 
(juestion. Aside from thoughtle.ssuess in reading the citations, which is not 
a matter for the Kules to take under consideratioji uidess in the very broad¬ 
est sense, such a coiifusion might arise in two manners: (1) Ly the use of an 
abbreviated citation su(*b as is authorized by Art. 28. This use need not be 
indulged in, for Art. 28 merely states: “It is permissible to reduce more 
complicated names to ternary combinations. Examj>les— . . . i<aj‘ifr(i(/a 
Aizoou subforma surculosa Engl, et Irmsch. is permissible for Saxifraqa 
Aizoon var. fppica subvar. bn vifolia forma multIcauUs subforma surculosa 
Engl, et Irmsch.Naturally, no critical taxonomist will take advantage of 
a concession made in the Rules if this leads to ambiguity, because ambiguity 
is forbidden (see Art. 4); (2) By a transfer of trinomials from one species 
to another. Here the danger of confusion is definite, for the older ejiithet 
is transferred in principle (Art, 55) if the rank remains the same. If Art. 30 
were not in the Rules, Art. 55 ought to contain its basic provisions, neverthe¬ 
less. Naturally, to illustrate Art. 30 I have deliberately chosen an example 
that illustrates the necessity of this Article rather than one which shows only 
its desirability. This, I believe, is consistent with general criteria of soiiuil 
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interpretation. It is obvious that Art. 30 was written by a competent student 
of nomenclature basically to take care of a special case. So special is this 
ease, as a matter of fact, that Art. 30 is usually not understood, this serving 
as a curious illustration of the danger of feeding the best of fare to guests 
accustomed to coarse stew. Article 30, naturally, has nothing to do with the 
generalities underlying the typic trinomial and even less can it be construed 
to mean that all trinomials have the same rank. It will be seen that Art. 55 
(1), too, vetoes the transfer of a trinomial, regardless of its rank, if this 
trinomial should prove to be a homonym. It is unfortunate that Art. 55 (1) 
is improperly worded, in failing to specify that it refers to trinomials under 
the same species. This, however, is rectified by the general principle con¬ 
tained in Art. 30. 

The Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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Howell, J. T. Plantae occidentales—III. Leaf!. West. Bot. 3: 205-208. 1943. 
Howell, J, T« Studies in Phacelia —a revision of species related to P. piilchcUa 
and P. roUmdifolia, Am, Midi. Nat. 29: 1-26. Ja 1943 [0 Mr 1943]. 
Irende-Marie, Fr^re. Etude de la flore desmidiale de la region du Lac St. Joan. 

Nat. Canad. 69: 248-269. 0-N 1942. 275-282. P 1942. 

Jones, G. N. A Jones, F. F. A revision of the perennial species of Geranium of 
the Ignited States and Canada. Rhodora 46: 32-53. 13 F 1943, 

Kearney, T. H. A new cliff-rose from Arizona. Madrono 7: 15-18. 28 Ja 1943. 
Lakela, O. Rediscovery of Caltha natans in Mhuiesota. Bhodora 45: 53-35. 13 
F 1943. 

Laughlin, E. B.' Flora of BarnesvilJe, Ohio. Jour. Gray Mem, Bot. Assoc. 10: 
' 11-13. Ja 1943. 

X«edinghain, G. F. A Fraser, W. F. Notes on the Cyperaceae of Saskatchewan. 

II. Carex. Am. Midi. Nat. 29: 42-60. Ja 1943 [6 Mr 1943]. 

Leonard, E. O. Four new species of Acanthaceae from Guatemala. Jo»r. Wash. 
Acad. 33: 60-62. 15 Mr 1943. 

Lepage, E* Notes sur la flore du T^miscouata. Nat. Canad. 69: 264-274. P 1942. 
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Lowe, J. L. Cladonia alpieola in Now York state. Pap. Mich, Acad. 28^ (1942); 
63-65. /. 1, F 1943. 

Mackie, W. W. Origin, dispcM'sal, and variability of the lima bean, Phaseolus 
lunatm, Hilgardia 16: 1-28. pi, 1, 1, Mr 1943. 

MagnuSBOn, A. H. Lichens of Nihoa jind Neeker Islands. Bishop Mus. Oee. Pap. 
17; 25-41. 25 Mr 1942. 

Mario*Victorixi, Pr^^e, Bousseau, J. & CaiUouz, M. Le Cirsvum minyanenHc cst- 
il une bonne ospoeef Nat. Canad. 69: 240-247. f, 1-4, O-N 1942. 

Marion, L. H. The distribution of Adenosloma HparHifolium, Am. Midi. Nat. 

29: 106-116. pi, 1-4, Ja 1943 [6 Mr 1943]. 

MarshaU, W. T. Jlarrisia Nashii. (^u-tus & Suec. .Jour. 15: 3. /. Ja 1943. 
Martinea, M. ITne imeva espeeie de Pinna moxieano. Madrono 7: 4-8. pi, l-\ f. 
1. 28 .Ja 1943. 

Merrill, £. D. & Chen, L. The Chinese and Indo-Chinese species of Ormosia, 
Hargentia 3: 77-117. 30 Ja 1943. 

Moldenke, H. N. The flora of the North Appalachian Experimental Watershed 
and fuirrounding territory. IT 8 T) A Soil ('‘onseiTation Service, Co.shocton, 
Ohio. 58 iniineographed j»ageH. 21 Ja 1943. 

Moldenke, H. N. Noteworthy plant records and noinenclatiiral notes. Oastaiiea 
7: 123-125. I) 1942. 

Moran, B. A revision of Dudlrtfo, suhgenus Stylophylluin I. Peserf 14: 190- 
192. I) 1942. 11. 16: 9-14. ilhiatr, Ja 1943. ' 

Moscosco, B. M. (^atalogos florae Doiningensis (catalogo de la flora Pomini- 
eana). Parte 1 Spermatoi)hyta. i-xlviii, l-732p. the author New York. 30 
Ja 1943. 

Norton, J. B. 8. The rose-colored Pohiponnni of Southern Maryland. Castanea 
7: 126. P 1942. 

Prescott, O. W. 6c Scott, A. M. The desmid genus Mirrastenaa Agardh in south¬ 
eastern Ignited States. Pjip. Mich. Acad. 28' (1942): 67-82. pi. 1-0 { f. l-'^, 
F 1943. 

Proctor, G. Check list of the ferns of Wsishington (^mnty, Ohio. Jour. Gray 
Mein. Pot. Assoc. 10: 3, 4. .la 1943. 

Bickett, H. W. Cnrnna again. Torre>a 49: 131. 29 Ja [13 F] 1943. 

Bousseau, J. La forme naiiie du PlnniiKjo Janconlva et autres espoces. Nat. 
Canad. 69: 234-239. /. /, O-N 1942. 

St. John, H. New Hawaiian sjiecies of Peprromia, Hawaiian plant studies 10. 

Oec. Pap. Bishop Mus. 17: 171-175. /. /-;2. 10 F 1943. 

Schweinfurth, 0. A new PpifUndnim from Peru. Am. Orchid 8oc. Bull. 11: 360, 
361. pi. 10. Mr 1943. 

Scully, F. Sedges and rushes of Hot Springs National Park and vicinity. Tor- 
reya 42: 129, 130. 29 Ja [13 V] 1943. 

Shlnners, L. K. A revision of the Liatna aranom com])lex. Am. Midi, Nat. 29: 
27-41. Ja 1943 \i) Mr 1943]. 

Soriano, A. Las espocies del geiiero Snarda en la Republica Argentina. Bev. 
Arg. Agron. 9: 343-353. /. /-"•/. P 1942. 

Stokes, S. G. Further studies in Erioponnm —V. Leaf!. West. Hot. 3: 200-202. 
1943. 

Taylor, W. B. Marine algae from Haiti, collected by H. H. Bartlett in 1941. 

Pap. Mich. Acad. 28^ (1942): 143-163. pL 1-4. F 1943. 

Tehon, L. B. Fieldbook of natiVe Illinois shrubs. Ill. Nat. Hist. Surv. Manual 3; 
1-307. 6* col. pb-t/. 1-7^, 1) 1942. 
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IPsAngf OliBiig KWiL M^rim algae of Hong Kong. III. The genus Bostr^chia, 
Pap. Mich. Acad. 3®^ (1942): 165-183, pi, 1-^, IV. The genus Laurenda, 
186-208. pL 1-4, F 1948. 

Wheldea, It. M. Notes on New England algae ITT. Bome interesting algae from 
Maine. Farlowia 1: 9-23* /, 1-18, Ja 1943. 

Wherry, E. T. Guide to eastern ferns. 2Bd ed. rev. & enl. Lancaster, Beienee 
Press. 1-252. aimtr, S 1942. 

Williams, L. Exploraciones bot^nlcas en le Guayana Venesolana. 1—^E1 medio y 
bajo caura. Caracas, Servicio botanico, Ministerio de Agricultura y cria. 
1-468. f, 1-53. 1942. 

Williams, L. O. A new Laelin from Mexico. Am. Orchid Hoc. Bull. 11: 328, 329. 
pi, 9, F 1943. 

Woodson, K. E. Se Schery, B. W. Contributions toward a flora of Panama. VII. 
Miscellaneous collections, chiefly by H, van Wedel, in Bocas del Toro. Ann. 
Mo. Bot. Gnrd. 30: 83-96. /. 1-3, 22 Mr 1943. 

Yuncker, T. O. Botanizing on Niue Island. Torreya 42: 121-128. f, 1-3, 29 Ja 
[13 F] 1943. 

MOKPH01.00V 

(including anatomy, and cytology In part) 

Angelo, E., Brown, B. T. A Ammon, R. J. Pollination studies with tung trees. 

Proc. Am. Boe. Hort. Bci. 41: 176-180. B 1942. 

Bloch, B. Differentiation in red root-tips of Phalaria amndinacea. Bull. Torrey 
Club 70: 182, 183. /. 1. 1 Mr 1943. 

Oheadle, V. L The origin and certain trends of sptMdaliwition of the vessel in 
the Monocotyledoneae. Am. Jour. Bot. 30: 11-17. /. 1-.0, Ja 1943. |25 F 
1943J. 

Duncan, B. E. A Curtis, J, T. Growth of fruits in Catileya and allied genera in 
the Orchidaceae. Bull. Torrey Club 70: 104-119. /. t-38, 1 Mr 1943, 

Foster, A. S. Zonal structure and growth of the shoot apex in Microcycas calo- 
coma (Miq.) A. DC. Am. Jour. Bot. 30: 56-73. /. 1-16, Ja 1943 [25 F 
1943]. 

Relmers, A. E. The ecological anatomy of x)ondero8a pine iiet^dles. Am. Midi. 
Nat. 29: 55-71. Ja 1943 [6 Mr 1943]. 

Kozlowski, T. T. A Schumacher, F. X Estimation of stoma ted foliar surface of 
pines. Plant Physiol. 18: 122-127. 1 /. Ja 1943. 

LaBue, C. D. Regeneration in Badievla aquaUea, Pap. Mich. Acad. 28‘ (1942): 
51-61. F 1943. 

Lewis, F. T. A geometric accounting for diverse shapes of 14-hedrul cells: the’ 
transition from dodecahedra to tetrakaidecahedra. Am. Jour. Bot. 30: 74- 
81. f, 1-7, Ja 1943 116 F 1943]. 

McKay, J. W. Belf-sterility in the Chinese chestnut {Caslamea mollumma). 

Proc. Am. Boc. Ilort. Sci, 41; 156-160. 8 1942. 

Mehlqulst, O, A. L* Seed production in Primitla opeonica, Proc. Ain, Boc. Hort. 
@ci. 41: 378-380. 8 1942. 

SchaU, W. M. An investigation of the presence of siliCvCous rods in the secondary 
wall of woody tissues. Madroflo 7; 8-14. 28 Ja 1943. 

SOhroeder, O. A. Pollen germination in the avocado, Proc. Am* Boc. Hoit. Sci. 

41: 181, 182. S 1942. " 

fl to e l a l r, W. B. Zalndgren, D. L. Bidet's aud saetors induced in tlie rind of 
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citrui} fruits by fumigation with hydrocyanic acid. Plant Physiol. 18: 99- 
106. /. /-4. Ja 1943. 

Swanson, 0. P. Differences in nieiotic coiling between Trillium and Trades^ 
canlia. Pap, Mich. Acad. 28* (1942): 133-142. pL 1+f, 1,¥ 1943. 

Warmke, H. E. Macrosporogenesis, fertilization, and early embryology of Ta¬ 
raxacum Jcok-saghffz, Bull. Torrey Club 70: 164-174. /. l-SS, 1 Mr 1943. 

Woodcock, E. P. 8eed development in the morniiig glory {Ipomoea ruhrocaerulca 
Hook.) Pap. Mich. Acad. 28’ (1942): 209-212, pi J-3. F 1943. 

PLANT PHVSIOLOOY 

(Sec also under MycnloK.v and PhytopathidoKy: AlOcn, llammur & SItton; Roden- 
hlaer & Taylor; under MorplioloRy ; Duncan A Curtia; La Hue 

Airola, E. ft Orist, J. W. Oxidation-reduction f>otentia]s of the tissue fluid of 
cabbage. Plant Physiol. 18: 107-113. /. I-J, Ja 1943. 

Albauxn, K. O’, ft Eichel, B. The relationsliip between growth and metabolism 
in the oat seedling. Am. Jour. Bot. 30: 18-22. /. 1^7. Ja 1943 [23 F 1943]. 

Aldricli, W. W. ft (il Home factors affecting rate of date leaf elongation. Proc. 
Am. Soc. Hort. 8ci. 41: 77-84. /. /-J. H 1942. 

Avery, d. 8. (\mtroI of growth and differentiation in plants. Cold Spring Har¬ 
bor. 8ymp. Qnaiit. Biol. 10: 1-6. 1942. 

Bonner, J. Further experiments on the nutrition of isolated tomato roots. Bull. 
Torrey (3ub 70: 184-189. 1 Mr 1943. 

Oarroll, J. 0. Effects of drought, temperature and nitrogen on turf grasses. 
Plant Physiol, 18: 19-36. / /. Ja 1943. 

Cochran, H. L. The carotene content of sweet ])olatoe8. Proe. Am. Soc. Hort, 
Sei. 41: 239-264. H 1942. 

Commoner, B., Fogel, 8. ft Muller, W. H. The mechanism of auxin action. The 
effect of auxin on water absorption by j>otato tulan- tissue. Am. Jour. Bot. 
30: 23-28. /. /-J. Ja 1943 | 23 F 43].' 

Converse, C. D., Gammon, K. ft Sasrre, J. D. The use <»f ion t‘xc}iange materials 
in studies on corn nutrition. Plant Physiol. 18: 114-121. f. J-d, Ja 1943. 

Cooper, W. C, Effect of growth substances on flowering of the })ineapple under 
Florida conditions. Proe. v\m. Soc. Hort. Sci. 41: 93-98. /. /. S 1942, 

Delisle, A. L. Histological and anatomical ch.aiiges induced by indolacetic acid 
ill rooting cuttings of Piuuf< sfrobvs L. Va. Jour. Sci. 3: 118-124. My 
1942 I Mr 1943 I. 

Epstein, E. ft Lilleland, O. A preliminary study of the manganese content of the 
leaves of some deciduous fruit trees. Proc, Am. Soc. Hort. Sci. 41: 11-18. 
/. /. S 1942, 

Gossard, A. C. Root and shoot production of young pecan trees treated with 
indolebutyric acid at the time of transplanting. Proc. Am. Soc. Hurt. Sci. 
41: 161-166. /. 7-.^ S 1942. 

Hammer, K. 0. TLirmones and photoperiodism. Uold Sjiring Harbor Symp. 
Quant, Biol. 10: 49-60. /. I-KK 1942. 

Hewlett, F. 8. Fruit set and development from pollinated tomato flowers treated 
with indolebutyric acid. Proc. Am. Soc. Hort. Sci. 41: 277-281. H 1942. 

Kersten, H, J., Miller, H. L. ft Smith, G. F. Stimulative effects of x-rays on 
plants. Plant Physiol. 18: 8-18. /. 7-/7, Ja 1943. 

Jones, W. W. ft Shaw, L. The jjrocess of oil formation and accumulation in the 
Macadamia, Plant PhysioJ. 18: 1-7. Ja 1943. 

Iievine, M. ft Ctelher, 8. The metaphase stage in colchiciiiized onion root-tips. 
Bull. Torrey Club 70: 173-181. 1 Mr 1943. 
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LlUebriuad, O. ^ Browns X 0. The phosphate nutrition of fruit trees IV., The 
phosphate eouteut of peach leaves from 130 orchards iu California and 
some factors which may influence it. Proc, Am. 8oc. Hort. Sci. 41: 1-10. 

S 1042. 

liineherry, B. A. Biuldiart, li. The vitamin 0 content of small fruits. Proc. 

Am. Soc. Hort. Sci. 41: 198-200. S 1942. 

Pratt, B. Studies on Chlorella vulgaris YI. Betardation of photosynthesis by a 
growth inhibiting substance from Chlorella vulgaris. Am. Jour. Bot. 30: 

32, 33. /. Ja 1943 [25 P 1943]. 

Bobbins, W. J. A Ma, B. The relation of certain fungi to thiamine. Bull. Tor- 
rey Club 70: 190-197. /. 1-J. 1 Mr 1943. 

Bobbins, W. J. A Ma, B. Vitamin dedelcncies of twelve fungi. Arch. Biochem. 

1; 219-229. illust, D 1942. 

Sakr, E. 8. A Thompson, H. G. Effect of temperature and photo^eriod on seed- 
stalk development in carrots. Proc. Am. 8oe. Hort. Sci. 41: 343-346. 8 1942. 
Schroeder, B. A. Some effects of calcium and nitrogen upon peas. Proc. Am. 

Soc. Hort. Sci. 41: 375-377, 8 1942. 

Seifriz, W. Protoplasmic streaming. Bot. Bev. 9: 49-123. F 1943. 

Stephenson, B. B. Effects of certain grouch regulating substances on growth 
correlation iu lettuce seedlings. Plant Physiol. 18: 37-50. /. 1-9, Ja 1948. 
Swanson, 0, A. The effect of culture filtrates on respiration in Chlorella imh 
garis. Am. Jour. Bot. 36: 8-11. f. 7, $, Ja 3943 [25 F 3943], 

Swanson, O. A. Transpiration in American holly in relation to leaf structure. 

Ohio Jour. Sci. 43: 43-46. Ja 1943. 

Went, P. W. Effect of the root system on tomato stem growth. Plant Physiol. 

18: 51-65. /. 1, S, Ja 1943. 

White, P. B. Further evidence on the significance of glycine, pyridoxine and 
nicotinic acid in the nutrition of excised tomato roots. Am. .lour. Bot. 30: 
33-36. f, J-$, Ja 3943 [25 F 3943]. 

Wynd, P. L. Bespiration of mosaic-infected tobacco plants. Plant Pliysiol. 18: 
90-98. 1 f, Ja 1943. 

Zimmerman, P. W. Formative influences of growth substances iu plants. Cold 
Spring Harbor Symp, Quant. Biol, 10: 352-159. f. 1-4, 3942. 

GRNBTICS 

(including cytogenetics) 

(See also under Morphology: Swanson; under Plant Physhdogy: l^evlne ft Gellier) 
Burton, G. W. Interspecific hybrids in the genus Paspalum, Jour. Hered. 34: 
15-23. f, 9-10, Ja 3943, 

Bale, B. B. Further studies of inheritance of variegation in petunia: broken- 
variegated. Pap. Mich. Acad. 28" (1942): 9-14. ph 1, F 1943. 

Garber, B. The rate of root elongataion in diploid and tetraploid Sudan grass 
and rye. Am. Nat. 77: 190-192. [15] Mr 1943. 

Jolmeon, B. L. A Bogler, G, A. A e^o-taxonomic study of an intergciieric 
lijrbrid between Orysopsis hymenoides and 8Upa viridula. Am. Jour. Bot. 
d(k 49-56. /. 1-4(9. Ja 1943 [25 F 1943]. 

Lindegren, 0. 0. A Lindegren, G« Environmental and genetieal variations in 
yield and colony size of commercial yeasts, Ann* Mo. Bot. Gard. 80: 71- 
82. pi. 2-S -1- A 1-3. 22 Mr 1943. 

Pei^, B. A« Cytologieal relationships in the Euphorbiaceae. Va. Jour. Sci, 3: 
140-144. My 1942. [My 1943] 
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Stakman, £. 0. et al. Genetic factors for mutability and mutant characters in 
XJstilago eeae. Am. Jour. Bot. 30: 37-48. /. 1-7. Ja 1943 [25 F 1943]. 
Stewart, R. M. R Bamford, R. The nature of polyploidy in Lilium tigrinum. 
Am. Jour, Bot. 30: 1-7. /. 7-/7. Ja 1943 [25 F 1943]. 

Walker, M. N. A useful pollination method for watermelon. Jour. Hered. 34: 
11-14. /. 6-8. Ja 1943. 

Whitaker, T. W. ft Pryor, D. E. Genes for resistance to powdery mildew in 
Cucumis melo. Proc. Am. Soc. Hort. 8ci. 41: 270-272. S 1942. 

Tamell, S. H. Influence of the environment on the expression of hereditary fac¬ 
tors in relation to plant breeding. Proc. Am. Soc. Hort. 8ci. 41; 398-411. 
8 1942. 


MYCOLOGY AND PHYTOPATHOLOGY 
(See also under Genetics: Whitaker & Pryor) 

Alben, A. 0., Hammar, BL E. ft Sitton, B. O. Borne nutrient deficiency symptoms 
of the pecan. Proc. Am. Hoc. Hort. Sci. 41: 53-60. 8 1942. 

Bain, D. C. ft Edgerton, 0. W. The zonate leaf spot, a new disease of sorghum. 

Phytopathology 33: 220-226. /. /, IS. Mr 1943. 

Baxter, D. V. Borne resupinate polypores from the region of the Great Lakes. 

XrV. Pap. Mich. Acad. 28» (1942): 215-233. pL 1-6. F 1943. 

Beasey, E. A. Notes on Hawaiian fungi. Pap. Mich. Acad. 28^ (1942): 3-8. 
F 1943. 

Blodgett, E. C. Peach wart. Phytopathology 33: 21-32. f. 1-3. Ja 1943. 

Braun, A. C. ft White, P. R. Bacteriological sterility of tissues derived from 
secondary crown-gall tumors. Phytopathology 33: 85-100. /. /, S. F 1943. 
Bremer, H. An American oat disease found in western Anatolia. Phytopathol¬ 
ogy 33; 165-167, /. 7-f. F 1943. 

ChUton, 8. J. P. V ariatioiis in sporulation of different isolates of CoUetofrichiim 
flcstrurtivum. Mycologia 36: 13-20. /. 7,1 F 1943. 

* Clayton, E. E. ft Stevenson, J. A. Peronospora tahaciria Adam, the organism 
causing blue mold (downy mildew) disease of tomato. Phytopathology 33: 
101-113. F 1943. 

Cooley, J. S. ft Lincoln, T. B, A disease of apple grafts and layers caused by a 
jRh\socion\a. Phytopathology 33: 255-257. f. 1. Mr 1943. 

Cutter, V. M. An iindoscribed LagenuUum parasitic ui)Ou PoUinwgeion, Myco¬ 
logia 36: 2-12. /. 1 F 1943. 

Drechsler, C. Another hyphomycetous fungus parasitic on Pglhium oospores. 

Phytopathology 33: 227-23*3. f. 1. Mr 1943. 

Drosdoff, M. ft Painter, J. H, A chlorosis and necrosis of tung leaves associated 
with low potassium content. Proc. Am. Boc. Hort. Bci. 41: 45—51. /. 1. 
8 1942. 

Evans, A. W. Asahina's microchemicul studies on the Cladonine. Bull. Torrey 
Club 70: 139-151, 1 Mr 1943. 

Exner, B. ft Chilton, 8. J. P. Cultural differences among single basidiospore iso¬ 
lates of Uhisocionia solani* Phytopathology 33: 171-174. /, 7. F 1943. 
Gk>ttlieb, D. The presence of a toxin in tomato wilt. Phytopathology 33: 126- 
135. f. 1-4. F 1943. 

Wuhri, C, G. Taxonomy, distribution, and pathology of Phomopsis occulta and F. 
juniperovora. Mycologia 36: 112-129. /. 7,1 F 1943. 

J, B, The occurrence of amphispores in the leaf rust of bluegrasses. 
Mycologia 36: 79-82. /. 7, 1 F 1943. 
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HUdeliraiul* IS. M* Peaeh'^suture spot. Phytopathology 33t 167, 166, /: i. F 
1943. 

Holton, C. S. Is Johnson, A. Q. Physiologic races in Vroc^^sti* tritwi, PhytO’ 
pathology 33; 169-171. F 1943. 

munor, F. E., Ohxistenaon, J. J. h Xioegering, W* Q. Beaetions of strains and 
varieties of barley to mahy physiologic races of stem rust. Phytopathology 
33; 253-254. Mr 1943. 

Jenhlns, A. B. Additional records of violet scab. Phytopathology 33; 168, 169. 
F 1943. 

Idnder, D. H. The genera KioJcxella, MartensellUf and CoemanaUt (Phycomy* 
cetes). Farlowia 1; 49-77. ph 7-4. Ja 1943. 

Long, W. H. ft Stonffer, D. J. Studies in the Gasteromycetes VII, The genus 
Schiaostoma, Mycologia 35; 21-32. /. 1-8, 1 F 1943. 

Miller, J. H. ft Burton, M, 0. Studies in some Venezuelan Aseo^y^Otes collected 
by C. E. Chardon and A. S. Muller. Mycologia 36: 83-94. /. 1-10, 1 F 1943. 

Kauss, B. K. Observations on the culture of Htmitrichia vesparinm, with special 
reference to its black plasmodial color. Bull. Torrey Club 70: 152-163. 
f, 1-8, 1 Mr 1943. 

HevUall, A. 0. Pathogenesis of Ditylenchus Mpsaci in seedlings of Allium cepa. 
Phytopathology 33; 61-69. /. 1, 2, Ja 1943. 

Klclcoraon, W, J. ZygosaccharomyceH aeidifaciens: a new acetifying yeast. 
Mycologia 35; 66-78. /. 1-4, 1 F 1943. 

Pierce, E. 0. ft Stoddard, D. L. Some effects of sand and nutrient supply on a 
physiological leaf spot of cantaloupe. Phytopathology 33: 162-164. F 1943. 

Poesch, 0. H. Ring spot on Saintpaulia. Proc. Am. Soc. Hort. Bci. 41: 381, 382. 
S 1942. 

Prince, A. E. Basidium formation and spore discharge in Gymnoapormtgium 
nidns-avis, Farlowia 1; 79-93. pi, 1. Ja 1943. 

Bodenhiser, H« A. ft Taylor, J. W, The effect of photoperiodlsm on the develop¬ 
ment of bunt in two spring wheats. Phytopathology 33: 240-244. Mr 1943. 

Bogera, D. P. The genus PelUculxiria (Thelephoraceae). Farlowia 1: 95-118. 
/. 1-11, Ja 1943. 

Byker, T. C. Physiologic specialization in Cercottpora orysac. Phytopathology 
33; 70-74./. 7. Ja 1943. 

Schiel, £. ft Marco, P. B. Induencia do la infeeddn de la soja con J8hiih>bium 
japonicum^ sobre el rendimiento y calidad del forrtije. Rev. Arg. Agron. 
9; 284-291. D 1942. 

Seaver, P. J. Dietyophora dnpUeaia, Mycologia 36: 1. front, 1 F 1943. 

Seeler, E* V. Several fungicolous fungi. Farlowia 1: 119-133. pi, 1-2, Ja 1943. 

Singer, B. ft Smith, A. H. A monograph on the genus LencopaxilluH Boursier, 
Pap. Mich. Acad. 2B» (1942); 85-132. pi IS, F 1943. 

Smith, A. L. Lightning injury to cotton. Phytopathology 33: 150-155. /, IS, 
F 1943. 

Smith, W, W. Development of the storage disorder brown core in McIntosh 
apples. Proc. Am. Soc. Hort. Sci 41; 99-103. 8 1942. 

Tapke, 'V. P. Occurrence, identification, and species validity of the barley loose 
smuts, Vstilago nuda, U, nigra, and U, medians. Phytopathology 33; 194- 
209. /. 1-4. Mr 1943. 

Thomas, K. B. Cercospora blight of carrot. Phytopathology 33: lll~126. 
A 1-2, F 1943. 
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'Tlioxnas, W« D. Mycorhizae associated with some Colorado flora. Phytopathol¬ 
ogy 33: 144-149. /. /. F 1943. 

VaUeaU) W. D. ft Johnson, E. M. An outbreak of Plantago virus in hurley 
tobacco. Phytopathology 33: 210-219. f, i, 5. Mr 1943. 

Waftsman, 8. A. ft Homing, E. 8. Distribution of antagonistic fungi in nature 
and their antibiotic action. Mycologia 35: 47-65. /. i-7. 1 F 1943. 

Weimer, J. L. Anthrnenose of lupines. Phytopathology 33: 249-252. /. 7. Mr 
1943. 

Wollman, P. L. Increase of pathogenicity in tomato-wilt Fmarivm. Phyto¬ 
pathology 33: 175-193. /. J, < 2 /. Mr 1943. 

White, W. L. Studies in the genus Jleloiinm^ III (Discomycetes). History and 
diagnosis of certain European and North American foliicolous species. 
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THE SHOOT Apices of athrotaxis and taiwania' 

G. L. Cross 

INTRODUCTION 

It has been demonstrated that the apica] meristem in seed plants does 
not consist of a homogreneous aggregation of cells, but that it is differentiated 
into “growth zones” which may be distinguished from each other by dif¬ 
ferences ip cellular size, rate, and plane of cellular division, staining reac¬ 
tion, vacuolation, thickness of cell walls and polarity of growth (Poster 

1941) . The structural and functional relationships of the growth zones in 
species from several major groups of plants, ranging from the Lycopodiales 
to the Monocotyledons, have been studied recently, andf considerable varia¬ 
tion has been reported. Although the various species in a family may possess 
shoot apices with similar fundamental features of cellular organization, 
these features are not always found in the species of other, apparently re¬ 
lated families and, therefore, homology or equivalence of growth zones in 
the various jjroups is difficult tor determine (Poster 1939a). Purther, many 
peyilexing and seemingly inconsistent differences of detail are sometimes 
found wiien the apices of the various species of a genus are compared care¬ 
fully (Cross 1938, Poster 1939a, Cross and Johnson 1941). And finally, 
although the structTlral features of the shoot apices of individuals belonging 
to the same species are reasonably constant, variation in cellular pattern is 
often, found, and there is good evidence that even a single ai)ex may change 
markedly during, the seaiional development of a shoot (Cross 1943) or in 
relation to the initiation of foliar primordia (Cross and Johnson 1941, Reeve 

1942) . The evolution of the apical meristem in the various groups is a i)uz- 
zliilg problem which can be solved only when considerable additional infor¬ 
mation is available. 

It seems evident that one step toward the solution of the problem must 
be the acquisition of information concerning the .shoot apices of a consider¬ 
able number of species of plants; i.e., specific information concerning: 

(1) the fundamental structural features which are characteristic of the 
apices of representative species belonging to the same taxonomic group; 

(2) the changes of cellular pattern which occur in the apices of individual 
plants during a growing season; and (3) the significance of-the changes in 
cellular pattern with respect to the growth pf the shoot as a whole. Only 
after 8uch a comprehensive, detailed survey of species has been made will 
it be possible to generalize concerning the relationships of the shoot apices in 
the major taxonomic units. The information should be useful not only to 

1 Contribution from the Botanical Laboratory of the University of Oklahoma n.s. 79. 
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students of phylogeny, but to other investigators as well, for it has been 
shown that knowledge of the apical meristem can be used with unique 
effectiveness in studying several phases of shoot morphology (Satina and 
Blakeslee 1941) and in certain fields of experimental genetics (Cross and 
Johnson 1941, Cross 1943). 

In 1939, the writer began a survey of the shoot apices of species from 
each genus in the Taxodiaceae, and to date Taxodium distichum Eich., 
Crypiomeria japonica (L. P.) Don, Canninghamia lanceolata (Lamb.) 
Hook., Sequoia sempervirens (Lamb.) Endl., and Sequoiadendron gigan- 
ieum (Liiidl.) Buch. have been studied. Materials for completing the study 
of the family are on hand, with the exception of apices of Olyptostrohus, 
and it is hoped that shoot tips of this little-known genus may be obtained 
from the native habitat in southern China, after the war. 

The earlier invesigations (Cross 1939, 1941, 1942, 1943) indicate that, 
although generic and specific differences do exist, there are basic similarities 
in form and cellular pattern of the shoot apices which may be used to char¬ 
acterize the family. With respect to form, the apices of the investigated 
genera vary from hemispherical in Taxodium and Crypiomeria to conical in 
Cunninghamia. The prevailing cellular pattern differs from those reported 
recently for other genera of the Coniferales (Korody 1937). In each species 
of the Taxodiaceae the apical meristem has been found to consist of: (1) a 
single tier of self-perpetuating apical initials, which may divide periclinally 
as well as antielinally; (2) a protoderm in which the cells divide strictly 
anticlinally except that periclinal divisions may oc.cur rarely in at least one 
species (Cross 1943) ; (3) a variable number of subapical mother cells in 
which divisions occur in diverse planes; (4) a ring or cylinder of peripheral 
meristem; and (5) a core of pith mother cells. The functional relationships 
of these ‘‘growth zones’’ are reasonably constant in the various species. 
The apical initials constitute the source from which the remainder of the 
shoot apex is derived. Lateral derivatives of the apical initials augment the 
protoderm and basal derivatives become subapical mother cells. Lateral and 
basal derivatives of the subapical mother cells contribute to the peripheral 
meristem and pith mother cells respectively. 

The main differences found when apices of the various species are com¬ 
pared involve: (1) the extent to which periclinal divisions occur in the 
apical initials, and (2) the genetic relationships of the cells of the peripheral 
meristem and the pith mother cells. In most genera the line of demarcation 
between the/peripheral meristem and the pith mother cells is reasonably 
sharp, however in certain apices of Cunninghamia the distinctions are 
obscure^and occasionally the cells which occupy the position of pith mother 
cells appear to proliferate laterally toward the peripheral meristem -(Cross 
1942,%g. 10a). Of course, there are differences in size also; the largest shoot 
ap^x (diameter 220 g) measured thus far was from a strong lateral branch 
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of Sequoia sempervirens, and the smallest (diameter 45 |j) was from a weak 
lateral branch of Sequoiadendron giganteum. All measurements were made 
in a plane equidistant from the summit of the apex and the axil of the 
youngest foliar primordium. 

The present study of the shoot apices of Afhrotaxis selaginoides Don and 
Taiwania cryptomerioides Hayata is confined to a comparison of the funda¬ 
mental structural features found in these species with the features described 
previously for other species of the Taxodiaceae. Materials available were 
limited and it was not thought practicable to attempt a study of seasonal 
variations in cellular pattern. 


METHODS 

According to the accounts of Pilger (1926) and Chamberlain (1935), 
Athroiaxis and Taiwania are very restricted in natural distribution. Athro- 
taxis apparently occurs only in the mountainous areas of western Tasmania, 
while Taiwania is limited to forested mountains of Formosa and Yunnan. 
TJie trees have not been planted extensively in the botanical gardens or 
parks of the United States and, as might be expected, materials for study 
were very difficult to obtain. 

However, through the kindness of Professor eJohn T. Buchholz, a limited 
number of shoots of Athroiaxis were obtained from a ])lant—possibly the 
only living specimen in the United States—growing in a private garden near 
Golden Cate Park, San Francisco. Professor Buchholz had preserved the 
brajichlets in formalin-acetic-ethyl alcohol. Grateful acknowledgment is made 
also to Dr. William Hertrich, Curator of the Huntington Botanical Gardens 
at San Marino, (California, who supplied a number of fresh shoots of Tai¬ 
wania. These were fixed by the writer under redu(*ed pressure in a mixture 
of 5 per cent commercial formalin and 6 per cent glacial acetic acid, made 
up in 70 per cent ethyl alcohol. 

The materials were processed and the illustrations prepared as described 
in previous papers (Cross 1937, 1939, 1940). Although all of the materials 
were processed in essentially the same manner, the end results were quite 
different, especially so with respect to staining reactions. The cytoplasm in 
the cells of Athroiaxis stained very lightly (figs. 1, 2) when safranin and 
fast green were applied, but in Taiwania the cytoplasm stained densely, so 
much so as to interfere with satisfactory differentiatioii (figs. 3-6). Perhaps 
this phenomenon was a result of differences in the degree of activity of the 
meristem of the two genera, or perhaps killing and fixation may have been 
less rapid in the larger apices of Taiwania. Fixation of the cells of Athro- 
taxis was generally satisfactory, but considerable plasmolysis occurred in 
those of Taiwania. Perhaps the cytoplasm of Taiwania stained more densely 
because the vacuoles had been reduced in size by the plasmolyzing action of 
the fixing reagents. 
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GENERAL FEATURES OP THE VEGETATIVE SHOOTS 

Both species are trees; according to Pilger (1926), A. selaginoides 
attains a height of 13-15 meters and is strongly branched, while T, crypto^ 
merioides may reach 50 meters and is branchless for about one-half of its 
height. 

The vegetative shoots of Afhrotaxis consist of sturdy, rigid axes upon 
which the leaves are born in a loose, spiral arrangement which often appears 
imbricate. The leaves are persistent, leathery, awl-shaped or lanceolate, and 
keeled on the abaxial surface. According to Pilger (1926) the leaves may 
grow to a length of 1 cm., but the basal portions (approximately one-half of 
each leaf) are undiverged from the shoot axis. Bud scales are not found on 
the vegetative shoots, but the leaves which have formed the outer constitu¬ 
ents of dormant buds are usually considerably smaller than the others and, 
therefore, it is easy to determine the limits of the yearly growth-increments. 

The vegetative shoots of Taiwania resemble those of Afhrotaxis in that 
they consist of rigid stems and spirally arranged leaves. The leaves from 
the lower portions of a tree or from a young plant (Pilger 1926) are from 
linear to needle-shaped, very stiff and sharp, laterally flattened, and keeled 
on both the abaxial and adaxial surfaces. They may be as long as 15 mm., 
but a broad, basal portion of each leaf is undiverged from the shoot axis. 
Leaves from the upper portions of a tree are much shorter and scale-like. 
They are quite thick and appear triangular when viewed from the upper or 
lower surface. The adaxial keel is usually reduced, and in some instances 
the upper surfaces of the leaves may be slightly concave, with inwardly 
turned tips. Bud scales are not found. 

STRUCTTTRAL FEATURES OP THE SHOOT APICES 

Although the literature was searched carefully, no reference to the shoot 
apices of either Afhrotaxis or Taiwania was found. However, the results of 
this investigation indicate definitely that the apical meristem in each of 
these genera is characterized by the same fundamental features of organiza¬ 
tion that have been described for other representatives of the Taxodiaceae. 
As a matter of fact, the similarities are so marked that detailed descriptions 
of the apices of Athrofaxis and Taiwania will not be necessary—only a brief 
comparative treatment need be given. 

The apices of Athrofaxis are hemispherical and, with respect to form, 
resemble those of Crypfomeria (Cross 1941). They vary in diameter from 
65 to 120 jj, measured in a plane equidistant from the shoot tip and the axil 
of the youngest leaf. They rank, therefore, with those of Crypfomeria and 

Explanation of figures 1, 2. 

Fig. 1. Nearly median longisection of shoot apex and foliar priraordium of A thro- 
taxis. x484. Fio. 2, Nearly ine^an longisection of shoot apex and older leaf of Aihro- 
ta.vis. Note continuity of protodorm on flank of apex and over the leaf, x 484. 
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the lateral shoots of Sequoiadendron (Cross 1943), among the smallest Te- 
corded for the Taxodiaceae. On the other hand, the apices of Taiwania are 
conical and appear parabolic in longisection like those of Ctinninghamia 
(Cross 1942). They are somewhat more massive, and a range in diameter 
of from 90 to 160 p was found in the twenty-five shoot tips which were mea¬ 
sured. An idea of the variation in size and form may be obtained from a 
careful comparison of figures 1-6. The structural features of the apices of 
the two genera are discussed in the following paragraphs. 

The Apical Initials. The summit of the apical meristem consists of a 
single tier of self-perpetuating apical initials which divide periclinally as 
well as anticlinally and, although 25 apices of each species were examined, 
no indication of a discrete surface layer over the tip of the a^jical meristem 
was found (figs. 1, 2, 8-6). Apparently the periclinal and anticlinal divi¬ 
sions occur with approximately e<|ual frequencies, and in this respect the 
apices of Athrotajris and Taiwania resemble those of Cunninghamia (Cross 
1942). Occasionally an oblique division may produce a triangular apical cell 
(fig. 4) suggestive of those found regularly in the shoot tips of many species 
of leptosporangiate ferns. Doubtless Korschelt^s (1884) report of an apical 
cell in the shoot tips of Taxoditim was based upon studies of sections similar 
to the one represented by figure 4. However, it seems evident that this phe¬ 
nomenon occurs infrequently, and the cellular i)attern which results is 
transitory. As in other species of the Taxodiaceae, but unlike those of the 
Abietaceae, lateral derivatives of the apical initials differentiate into a proto- 
derm ; the basal derivatives become subapical mother cells. 

The Protoderm. The presence of a protoderm on the flanks and lower 
shoulders of the apical meristem has been demonstrated for each of the 
investigated species of Taxodiaceae. In this layer mitotic figures are almost 
always oriented parallel with the surface of the meristem, and in the apices 
of Aihrofaxis and Taiwania the resulting uniseriate layer is clearly de¬ 
limited from the underlying tissue by a thicker, more heavily staining wall 
which can be traced down the flanks of the apical meristem and over the tips 
of the foliar primordia. This feature is usually conspicuous in the apices of 
Athrotaxis (figs. 1, 2), but it may be observed without difficulty in those of 
Taiwania (figs. 8-6). Periclinal divisions in the protoderm have been re¬ 
ported to occur rarely in Sequoia sempervinms (Cross 1943) and in Sciado- 
pitys (Strasburger 1872) on the flanks of the apical meristem, but they have 
not been reported to occur during foliar initiation in any species of the 

Explanation of figures 3, 4. 

Fig. 3. Nearly median longisection of apex of a smaller lateral shoot of Taiwania, 
Note sequence of walls in the apical initials. x484. Fig. 4. Nearly median longisection 
of apex of a more vigorous shoo*t of Taiwania, Note triangular ^‘apical celP’ at the 
summit, x 484. 
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Taxodiaceae. In this respect the apices of the Taxodiaceae contrast sharply 
with those of the Abietaceae (Korody 1937) but are comparable with those of 
Araucaria and Ephedra (Strasburger 1872). 

The Subapical Mother Cells. Subapical mother cells, arising from the 
inner derivatives of the subapical initials, are of common occurrence in the 
Gymnosperms. They exist, at least theoretically in all species which have 
periclinally dividing apical initials, although their delimitation from other 
subterminal growth zones (peripheral meristem and pith mother cells) may 
not always be well marked. In Athrotaxis and Taiwania, as in other genera, 
they are distinguished by their position, their diversity with respect to 
planes of cellular division, and to a lesser extent by their inconspicuous 
vacuolation. Considerable quantitative variation is noticed when individual 
apices are studied. Thus in figure 1 the zone of subaj^ical mother cells is 
limited vertically, and the pith mother cells extend to within a very few 
cell layers of the summit of the axis. In figure 2 this zone has a greater 
vertical exteni^ion, and the pith mother cells are differentiated much lower 
in the shoot tip. The reasons for these variations are not understood. 

During the investigation it was noticed that the nuclei in the shoot apices 
of Athrotaxis appear to be smaller than those of Taiwania, although similar 
differences in cellular size were not so apparent. Twenty-five nuclei from 
each genus were measured, using a camera lucida and a card ruler drawn to 
the proper scale, and it was found that the nuclei of Athrotaxis are from 6 
to 7 }j in diameter, whereas those of Taiwania are from 9 to 10 p. An equal 
number (25) of major and minor cellular dimensions were also determined 
for the subapical mother cells of each genus. The cells of Athrotaxis aver¬ 
aged approximately 9 x 15 n, those of Taiwania 10 x 15 jj. While these mea¬ 
surements are only approximations, they give evidence that the ratio of the 
nuclear volume to cellular volume is somewhat less in Athrotaxis than in 
Taiwania, The photomicrographs also provide evidence for this suggestion. 
A careful statistical study of these features, made by someone to whom 
adequate cytological materials are available, might be worthwhile. 

Lateral derivatives of the subapical mother cells produce the peripheral 
meristem, while basal derivatives differentiate into pith mother cells. 

The Peripheral Meristem. The peripheral meristem is arranged in the 
form of a ring or cylinder which surrounds the pith mother cells. The limits 
between this zone and the subapical mother cells is often vague, especially 
in the smaller apices (figs. 2, 3); however, the cellular divisions in the pe¬ 
ripheral meristem are prevailingly anticlinal, and therefore the derivatives 

Bocplanation of figures 5, 6. 

Nearly median longisections of the apices of vigorously growing shoots of Taiwania, 
X 484. 
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are arranged in strata. The number of layers varied from two to three in 
Athrotaxis and from two to four in Taiwania. No unusual developmental 
features were observed. Derivaties of the peripheral meristem become vas¬ 
cular tissue, cortical tissue, and the internal portions of leaves. 

The Pith Mother Cells. The pith mother cells are distinguishable at a 
variable distance (from 3 to 5 cell layers) below the summit of the axis. In 
Athrotaxis they divide once or twice, preponderately in transverse planes, 
thus forming short vertical files of two or three cells. These cells then gradu¬ 
ally enlarge and mature into pith (figs. 1, 2). In Taiwania the behavior is 
similar, although here the files of cells derived from the pith mother cells are 
sometimes longer, occasionally consisting of four or five cells (figs. 4-6). 
Enlargement and maturation of these derivatives into pith proceeds at a 
slower rate than in Athrotaxis, therefore mature pith is usually found at a 
considerably greater distance from the shoot tip. Thus, as in other genera of 
the Taxodiaceae, an extensive rib meristem is not formed. This is a second 
feature which contrasts with the situation reported for certaiu genera of the 
Abietaceae (Korody 1937), Zamia (Johnson 1939), Cycas and Dioon 
(Foster 1941) and Oinkgo (Poster 1938). 

DISCUSSION 

The shoot apices of representative species of all genera of the Taxo¬ 
diaceae except Sciadopitys and Olypiostrohus have been examined during 
the past three years. In a recent paper (Cross 1943) it has been suggested 
that there arc basic structural features which characterize the family, be¬ 
cause in all investigated species the apical meristem consists of apical 
initials, a protoderm, subapical mother cells, peripheral meristem, and pith 
mother cells. The data obtained from the apices of Athrotaxis and Taiwania 
support this tentative conclusion. 

Self-perpetuating apical initials occur (at least theoretically) in all shoot 
apices. In the more ^‘primitive’’ groups, such as the Lycopodiales, Cyca- 
dales, and Abietaceae, these initials may divide anticlinally, periclinally or 
obliquely (Hartel 1938, Poster 1941, Korody 1937). In the more ‘‘ad¬ 
vanced’’ groups (Angiosperms) only anticlinal divisions occur iii the 
majority of cases, although Sharman (1940) has shown that exceptions may 
occur. In the Taxodiaceae the apices of several genera (Taxodium, Crypto- 
meria, and Sequoia) show evidence of a reduction in the relative number of 
periclinal anfd oblique divisions that occur. Whether this indicates an evolu¬ 
tionary trend toward the development of a discrete surface layer (tunica) 
in the family remains to be seen. 

The occurrence of a protoderm appears to be a relatively “advanced” 
characteristic, although it is not unique among gymnospermous genera. 
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This feature does not appear in the apices of the investigated species of 
Lycopodium (Hartel 1938), the Cycadales (Poster 1941, 1943), and the 
Abietaceae (Strasburger 1872, Korody 1937), although it has been reported 
in species of Araucaria (Strasburger 1872) and Ephedra (Strasburger 
1872, Gifford 1943). In the Angiosperms a protoderm occurs prevailingly, 
although in some monocotyJedons this layer has the unique feature of divid¬ 
ing periclinally during foliar initiation, and thereby contributes substan¬ 
tially to the interna] portions of the foliage leaves (Rosier 1928, Kliem 
1937). The fact that the surface layer of the shoot apices of the Taxodiaceae 
consists of a protoderm on the flanks, and diversely dividing apical initials 
at the summit, would indicate that this family represents a condition phylo- 
geiietically intermediate between the groups which lack a protoderm (Lyco- 
podiales, Cycadales, and Abietaceae) and those which have an entirely dis¬ 
crete surface layer (most Angiosj)erms). Of course, this does not mean that 
the family is to be regarded as a ‘‘connecting link^^ between the Gymno- 
sperms and Angiosperms, for admittedly the phylogenetic relationships of 
these two groups are still obscure. But it may mean that, with respect to 
shoot apices, parallel evolutionary processes are occurring. 

Any shoot apex in which the apical initials divide periclinally may be 
interpreted as possessing subapical rnotlier cells, a situation which occurs 
widely in the Gymnosperms. The characteristics of the subapical mother 
cells vary markedly when apices of various species are compared or even 
when apices of the same individual are studied; however, these variations 
are usually of a quantitative nature. The situation is exceedingly com])lex in 
some of the Cycads, especially in Mierocycas (Poster 1943). Here the deriva¬ 
tives of the surface initials are arranged in long files of cells, a portion of 
which differentiates into peripheral meristem and the remainder into deeply 
located “central mother cells.'’ The significance of the specialized subter¬ 
minal region of the apical meristem of cycads to the evolution of shoot apices 
in seed plants is on,e of the most puzzling problems assocdated with shoot 
histogenesis. It has been suggested that a clue to the answer may be obtained 
by comparing the cellular patterns found in some of the more “primitive" 
apice's of the Taxodiaceae, such as Cmminghamia (Cross 1942) with those 
of cycad seedlings (Poster 1939b), although much additional work must be 
done before conclusive results can be obtained. Perhaps a knowledge of the 
apices of some of the Angiosperms with growth habits similar to those of 
the cycads would be of aid. In this connection Boke (1941) and Ball (1941) 
have made recent contributions concerning cacti and palms respectively. 

If periclinal divisions do not occur in the apical initials, as is the case in 
most Angiosperms, the subjacent tier of cells may be regarded as subapical 
initials because, under such circumstances they would be self-perpetuating. 
Aside from phylogenetic considerations, the occurrence of subapical initials 
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is of considerable importance to experimental geneticists, especially those 
working on problems involving polyploidy (Satina and Blakeslee 1941 )• 

A peripheral meristem is found in the apices of all plants in which 
medullation occurs at a higher level in the axis than the differentiation of 
cortical parenchyma. This growth zone occurs commonly in Gymnosperms 
and has been reported for certain species of small-leaved dicotyledons, in¬ 
cluding certain cacti (Boke 1941) and Linum (Esau 1942). In most Gymno¬ 
sperms and dicotyledons, derivatives of this zone produce foliar primordia 
(the internal portions), cortical tissue, and provascular tissue. 

Pith mother cells, of course, are found in all vascular plants in which a 
pith occurs. They arise from initiating regions immediately above in the axis 
(subapical mother cells or subapical initials). The pith mother cells usually 
develop into a rib meristem which may extend vertically for a considerable 
distance as in Oinkgo, various cycads, and some conifers (Poster 1938, 1941, 
Korody 1937) or may be very short as in the Taxodiaceae and some Angio- 
sperms (Esau 1942). 

Prom' the above discussion it is clear that the structural features found 
in the shoot apices of the Taxodiaceae are widely distributed among vascular 
plants. The chief interest of the family lies in the fact that here the various 
features may be found combined in a single apex. The most unique single 
characteristic appears to be that the surface layer consists of cells which 
divide diversely at the summit (apical initials) and only anticlinally (with 
rare exceptions) on the lower shoulders and flanks. However, Sharman’s 
(1940) report of a periclinally dividing cell in the surface layer at the sum¬ 
mit of the apical meristem of Zea minimizes the uniqueness of this feature 
and emphasizes that differences in cellular patterns are often essentially 
quantitative, i.e., contingent upon the frequency with vrhich deviations from 
the expected behavior inevitably occur. Thus the shoot apices of the Taxo¬ 
diaceae differ from those of Angiosperms with respect to only one essential 
feature, viz., the frequency (greater) with which periclinal divisions occur 
in the surface layer at the summit. They differ from the apices of the 
Abietaceae only with respect to the frequency (lesser) with which periclinal 
divisions occur in the surface layer on the flanks of the meristem, and the 
extent (lesser) to which divisions occur in the rib meristem. Thus, from a 
phylogenetic point of view, the ^HransitionaP^ nature of the apical meristem 
of the Taxodiaceae seems well established. 

‘ SUMMARY 

The shoot apices of Athrotaxis are hemispherical and, in longisection, 
resemble those of Crypiomeria. They are among the smallest reported for 
the Taxodiaceae, ranging from 66 to 120 p in diameter in a plane equidistant 
from the shoot tip and the axil of the youngest leaf. The apices of Taiwania 
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are conical, 90 to 160 [j in diameter, and reminiscent of those of Cunning- 
hamia. 

The cellular patterns in each genus resemble those of the previously 
investigated genera of the Taxodiaceae, and no unusual features were ob¬ 
served. The apical meristem consists of a single tier of self-perpetuating 
apical initials; a profoderm, derived from lateral derivatives of the apical 
initials; subapival mother cells, derived from basal derivatives of the apical 
initials; peripheral meristem, derived from lateral derivatives of the sub- 
apical mother cells; and pith mother cells, derived from basal derivatives of 
the subapical mother cells. The subterminal growth zones (siibapical mother 
cells, peripheral meristem, and pith mother cells) are rather poorly delimited, 
especially in the smaller apices of each genus. 

With respect to the structural features of the surface layer of the apical 
meristtnn, the genera of the Taxodia(‘eae are regarded as intermediate be¬ 
tween the more j)rimitive (lymnosperms (Cycadales and Abietaceae) and 
the Angiosperms, although this is probably to be regarded as a case of 
parallel evolution rather than phylogenetic relationship). 

Department of Plant Sciences, University of Oklahoma 
Norman, Oklahoma 
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THE MORPHOLOGY AND ANATOMY OF 
CALOPOGON PULCHELLUS 

Margery C. Carlson' 

Orchids, particularly the tropical species, have been studied by numerous 
investig’ators, especially with regard to the breeding of new varieties, the 
germination of the seeds, and the relationship to mycorrhizal fungi, but in 
spite of the importance of their morphology in determining their relationship 
with other seed plants, much work remains to be done. 

Beginning with the investigations of the morphology of orchids by 
Irmisch (13) in 1853, many pieces of work have treated the subject of the 
anatomy of the several organs of orchid plants. These investigations are 
listed in the chronological bibliography presented by Solereder and Meyer 
(17). The observations were collected and extended by them in their chapter 
on the Orchidaceae, from which one can obtain specific information about the 
cell structure, cell contents, and arrangement of cells in leaves, stems, and 
roots of mature plants of hundreds of species of orchids. 

Probably the earliest attempt to treat the anatomy of the mono¬ 
cotyledons comparatively was that of Ouillaud (12) in 1878. He presented 
a brief life history of Epipaciia palvstriH Crantz. as representative of 
the orchids. Some attention was paid to the orchids by de Bary (2) in his 
^‘Comparative Anatomy,’’ but perhaps the best known work in this field is 
that of Arber (1). She summarized the available information on the develop¬ 
ment and structure of the orchids with a view to showing their relationship 
to the other monocotyledons. She pointed out the importance of using knowl¬ 
edge of internal structure as well as knowledge of external form in the 
study of i)hylogeny, and emphasized the inadequacy of our knowledge of 
the anatomy of the oi,’chids. 

Kecently Fuchs and Ziegenspeck (8, 9, 10) made an extensive study of 
the structure and development of terrestrial orchids native to Europe. Be¬ 
cause they were unsuccessful in growing plants from seed, they collected 
their plants in various stages of development in the field. They described 
and diagramed the gross anatomy and developmental story, studied cross and 
longitudinal sections to determine the character and arrangement of the 
tissues, and traced the entrance and penetration of the mycorrhizal fungi. 
They studied plants belonging to the following genera: Orchis, Cypripediuni, 
Hellehorine, Limodortim, Cepkalanthera, Listera, Neotfia, Ooodyera, 

^ The author wishes to express her thanks to the Boyce Thompson Institute for Plant 
Beseareh for the use of its facilities while this work was in progress and for furnishing 
the photomicrographs. 
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lAparis, Achroanthus, Malaxis, Corallorhiza, Epipogon, Spiranthes, Coelo- 
glossum^ Platanthera, Herminium, Oymnadinea, Nigritella, Neottianthe, and 
Ophrys. 

Results of studies on the artificial culturing of orchids may be found 
in the work of Knudson (14, 15), Curtis (7), and Carlson (5). The recent 
work of Burgeff (3, 4) summarizes our knowledge of the germination of 
orchids seeds, the development of seedlings, and the cytology, physiology, 
and classification of the mycorrhizal fungi and their function in the orchid 
plants. It gives directions for isolating and identifying the fungi, and 
for planting seeds and caring for the seedlings, and it contains a good 
bibliography of these phases of the investigations. 

MATERIALS 

Calopogon pulchellus (Sw.) R. Br., the grass pink, was chosen for this 
study because the early stages in its development can be obtained by 
germinating the seeds and because it has not been studied previously. The 
species grows in bogs and wet meadows throughout the United States and 
Canada. Seeds and plants for this study were collected from sphagnum bogs 
near Sayner, Wisconsin. 

The seeds were planted on a nutrient medium in culture bottles, as 
described by Knudson (14, 15), Curtis (7), and Carlson (6). Seedlings 
in different stages of development and also parts of older plants collected 
in the field were fixed in a modified solution of formalin-aceto-alcohol, 
consisting of 6 parts of 50 per cent alcohol, 3 parts glacial acetic acid and 1 
part of formalin. Sections were cut 10 or 12 |j in thickness, mounted in 
serial order, and stained with safranin and fast green. Oreat difficulty was 
encountered in cutting corms whose cells were filled with starch. Fresh 
corms were sectioned free-hand and the sections kept in serial order on the 
slides. In most cases the starch was removed with a dilute solution of sul¬ 
phuric acid and the sections were then preserved on the slide in a 50 per cent 
solution of glycerine in water. 

OBSERVATIONS 

The Seed. The seed (fig. la) consists of a transparent, loose-fitting seed 
coat and an ellipsoidal embryo. The seed averages 0.68 mm. in length and 
0.20 mm. in width, and the embryo averages 0.27 mm. in length and 0.15 mm. 
in width (averages from measurements of 60 seeds). The seed coat is a 
membranous air-filled sac, open at the funicular end where it was broken 
away from the placenta. It consists of a single layer of elongated, empty 
cells whose thickened walls give positive tests for lignin and cellulose with 
the standard methods. The embryo is a mass of undifferentiated parenchy¬ 
matous cells. The cells in the anterior part (toward the chalazal end of the 
seed) are small, with dense cytoplasm and centrally placed nuclei, whereas 
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those of the posterior part are larjyer and more vacuolated. The embryo is 
not differentiated into epicotyl, hypocotyl, and cotyledon, but the anterior 
part of the embryo becomes a bud and might be considered an epicotyl. The 
much larger posterior portion of the embryo is a food-storage region which 
might be considered a cotyledon. No primary root is present. Oil globules are 
found in the dormant embryo, but neither starch nor sugar is present. The 
walls of the cells of the embryo give a positive test for cellulose. The remains 
of the integuments and nucellus of the ovule form a brown beak-like cap 
over the basal, or micropylar, end of the embryo. Filamentous strands of 



Fifl. 1, Seed and young seedlings of Calopogon pulehellns (Sw.) E. Er. a. Seed, 
b. Germinating seed, embryo enlarged, c. Later stage, apical end of embryo becomes a 
protocorm. d. Protocorm still larger, seed coat split at chalazal end. e. Heedling with 
protocorm and bud at apical end, primordiuin of first leaf evident, f. Older seedling show¬ 
ing protocorm, absorbing hairs, develoi>ing bud, primordia of two leaves, seed coat still 
attached. 

cells, probably remaiiiiiifr after the disintejrration of the inner cells of the 
ovule, as Cypripedium parviflonim (6), suspend the embryo in the center 
of the seed coat, and can be seen attached to the embryo when it is removed 
from the seed coat. 

The Seedling. The seeds germinate soon after being planted in a suit¬ 
able medium (4). The embrj^o enlarges and becomes green. At first the seed¬ 
ling retains its oval shape (fig. lb) because the enlargement is uniform in 
all dimensions, but in a few weeks the apical end enlarges more rapidly than 
the basal end, both in length and in width, and the seedling becomes egg- 
shaped (fig. Ic). It stretches the seed coat laterally, and finally splits it at 
the chalazal end (fig. Id). 
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As growth continues, the differences between the apical and basal ends 
of the seedling become more marked. The cells of the basal part enlarge 
greatly, whereas those of the upper part divide and produce a typical pro- 
meristem. The oil disappears and reducing sugars and starch appear. Certain 
cells of the epidermis elongate outward and become absorbing hairs which 
resemble root hairs. These hairs are produced singly or in small groups, 
and their length depends on external conditions. The seed coat may remain 
attached for a time, but is eventually shed. The seedling at this stage of 
development will be called a protocorm, or first corm (fig. le). 

A bud now develops from the promeristem and appears as a cone-shaped 
protrusion. A circular ridge of cells, which arises from the promeristem, is 
the primordium of the first leaf. A second leaf-primordium''arises in the 
same manner,, within and above the first (fig. If). A median longitudinal sec¬ 
tion of a seedling at about this stage of development (fig. 4) shows the bud, 
with its two Concentric tubular leaf-primordia enclosing the promeristem, 
and its food-storage region still constituting the greater part of the seedling. 

When mature, the first or outer leaf is only about 2 or 3 mm. long, and 
consists of a tubular sheath whose tip is somewhat spread out (fig. 2A). The 
second leaf becomes longer than the first, and extends through and beyond 
the opening in the tip of the first. The second leaf also has a tubular sheath 
whose upper part flattens out into a small blade. The second leaf may be 
from 5 to 10 mm. long when mature (fig. 2B). During-the elongation of the 
first two leaves, a third leaf-primordium develops from the promeristem 
directly above the second leaf (fig. 5) and a fourth develops above the third. 
Each new leaf has a sheath-like base which extends through and beyond 
the opening in the sheath of the preceding leaf. The tip of the sheath be¬ 
comes an increasingly longer blade on each succeeding leaf (fig. 2E). Usually 
only four leaves develop on a seedling. They are arranged alternately in two 
ranks and are attached close together because the internodes do not elongate. 
The protocorm, that is, the portion of the seedling below the first leaf, may 
elongate considerably (fig. 2C, D, E). 

The first root of the seedling arises adventitiously either in the upper 
part of the protocorm or in the bud. Its origin and development will be 
described later. 

By mid-season of the first year, the young plant consists of the protocorm 
with its absorbing hairs, the shoot with its four concentric leaves in two 
opposite* ranks, and usually, although not always, an advezititious root. The 
first leaf is chiefly a sheath, but the later ones have linear grass-like blades in 
addition to their sheaths (fig. 2). 

During the later part of the first season, the meristematic tip of the stem 
stops growing, and a new corm (the second) begins to form by the elongation 
and enlargement of the parenchymatous cells of the two upper internodes of 
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the stem (%8. 2C, D, B, 6). This increase in diameter of the stem starts 
abruptly just above the second node (counting from the base upward) and 
ends abruptly at the fourth node. The first or lowermost internode may also 
elongate, but it does not enlarge in diameter. If it elongates, it appears as a 
stalk of variable length between the protocorm and the new corm, and is 
ensheathed by the first leaf. If it does not elongate, the first two leaves are 
close together at the base of the corm, and their sheaths are stretched and 
sometimes split by the enlargement of the corm. Because the new corm con- 



Fio. 2. Plants of first season. A. Younfy plant with protocorm and young shoot. B. 
older plant with two leaves expanded. C. Second corm forming at top of protocorm, within 
sheaths of leaves. D and E. Second corm larger, leaves fully expanded. Pig. 3. Corms of 
older plants. A. Corm with shoot developing from upper bud, two adventitious roots pro¬ 
truding from base of shoot, lower bud of corm dormant. B. Older corm 'with developing 
shoot, whorl of adventitious roots, and dormant lower bud; line across upper jiart of 
corm is place of attachment of principal leaf. C. Btill older corm with larger shoot and 
whorl of 7 roots. 

sists of the second and third internodes with the intervening third node, the 
third leaf is attached to the corm. Its base encircles the corm obliquely, 
usually a little above the middle, and is, of course, much broader than the 
base of any of the other leaves. Its sheath fits tightly over the top of the corm 
and encloses the fourth leaf which is attached at the top of the corm. The 
extreme tip of the corm, which is the meristem of the stem tip, usually dies 
and appears as a brown spot inside of the sheath of the fourth leaf. 
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The reserve starch in the cells of the protocorm is gfradually digested 
and passes into tlie new oorm, leaving the protocorm shriveled. The new corm 
becomes much larger than the protocorm, probably because some Of the food 
manufactured by the leaves and by the corm itself (because its outer layers 
contain chloroplasts) as well as the excess food from the protocorm passes 
into the new corm. 

The junction between the first and the second corms is seen in figure 6. 
The first intemode has remained short in this case, and the encircling sheaths 
of the first two leaves are spread apart by the enlarging corm. Because of the 
abrupt increase in diameter of the second internode, the old and new corms 
seem to be connected by a narrow neck. Vascular bundles pass from the old 
to the new corm through this junction, and the cells which surround the 
bundles in this region become thick*walled and remain free of Starch. 

As the new corm grows, buds are formed in the axils of the second and 
third leaves opposite their midribs, but none were found in the axils of the 
first and fourth leaves. A bud starts as a group of meristematic cells under 
the epidermis of the corm, and primordia of four leaves develop later from 
these meristematic cells in acropetal order (fig. 9). The buds develop until 
they protrude from the surface of the corm, the \ipper protruding more than 
the lower. The buds are raised some distance above the attachments of their 
subtending leaves because the coral enlarges and elongates simultaneously 
with bud development. A primordium of an adventitious root is formed in 
each bud. This will be described later. 

Toward the end of the first growing season the young plant (fig. 2C, 
D, B) consists of the small shriveling protocorm which still retains its 
absorbing hairs; a shoot with four concentric leaves, of which only the upper 
ones have linear flattened blades; usually an adventitious root arising either 
from the protocorm or from the base of the shoot; and a second corm filled 
with starch and enclosed by the sheaths of the leaves. 

With the approach of winter, the blades of the leaves succumb to the cold 
and disintegrate, but their sheaths dry and remain as brown scale-like 
coverings over the second corm. When all of the food has passed out of,the 
first corm, it gradually disintegrates. The root also dies. Finally all that 
remains through the winter is the dormant second corm, enclosed by dried 
sheaths of leaves, with its dormant buds which contain the primordia of 
leaves and adventitious roots for the next season. 

t 

The Plant in the Second Year. With the resumption of growing con¬ 
ditions, the upper lateral bud of the corm begins to grow into a new plant, 
development, therefore, being sympodial. It breaks through the dried leaf- 
bases which ensheath the corm. The primordia of the leaves elongate rapidly, 
but the stem grows rather slowly. The outer leaf becomes a conical sheath 
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which completely covers the yoiinf? shoot and p:ives it the appearance of the 
seedling shoot of corn. Three or four leaves develop from the bud, of which 
two have tubular sheaths open at their tops, and the others have linear blades 
above their sheaths. Bach successive leaf is longer than that which precedes 
it, except the fourth which often does not elongate very much. All of the 
leaves of the plant of the second year become longer and wider than those 
of the plant of the first year. The lower bud of the corm, which has the 
same origin and structure as the upper bud, remains dormant unless the 
upper bud is removed or injured. The root-tip, which lay dormant in the 
stem of the bud, elongates and pushes horizontally through the sheath of 
the first (outermost) leaf of the shoot, and then turns downward. 

After the third leaf has completely expanded, another corm (the third) 
begins to develop in the same manner in which the previous one developed; 
i.e., by the enlargement and elongation of the second and third internodes 
of the stem and by the entrance of food from the previous corm. The 
meristematic tip of the shoot stops growing when the corm begins to form 
and usually dies. The first (lowermost) internode of the shoot may elongate, 
but it does not increase in diameter, nor become a part of the new corm. It 
merely lifts the new corm higher in the medium in which the plant is 
growing. As in the plant of the first year, buds are differentiated in the axils 
of the second and third leaves, and a root primordiurn apr)ears in each bud. 

At the end of the second growing season, the plant is larger than, but 
otherwise similar to, the plant of the first season. It consists of the wrinkled 
second corm, a lateral shoot with three leaves, a single root, and the third 
corm enclosed by the sheaths of the leaves. The internodc separating the 
conns may or may not elongate. The tip of the stem dies and appears as a 
brown spot terminating the corm. Finally all of the plant except the upper 
corm dies, and the old corm and root disintegrate. The upper corm, enclosed 
by the dry, brown leaf-bases, lies dormant until the next spring. 

Older Plants. The exact age of plants older than two years could not 
be determined because they were collected in the field and not grown from 
seeds. However, it was assumed that the larger the corm, the older the plant. 
A series of increasingly larger conns was st\idied. The history of their de¬ 
velopment in succeeding years was found to be much the same as in the 
first two years. 

Each year the plant becomes increasingly larger and more complex (fig. 
3A, B, C). Each year a lateral shoot develops sympodially from the upper 
bud of the dormant corm. If, however, the upper bud is injured, a shoot 
develops from the lower bud. The shoot produces a short stem, and from three 
to five concentric leaves. The first two or three leaves are entirely sheathing; 
the third or fourth bears a lanceolate blade; and the fourth or fifth may or 
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may not elongate. Each year until the plant is mature, the blade of the prin¬ 
cipal leaf becomes longer and wider. Each year an increasing number of 
adventitious roots appears at the base of the shoot. Each year, after the leaves 
and roots are fully developed, a new corm is formed by the enlargement of 
the two upper internodes of the stem, and this corm may be lifted upward 
by the elongation of the first intemode of the shoot. A bud is formed in the 
axil of each of the two leaves of the corm, and new root primordia differenti¬ 
ate in the buds. The tip of the stem dies when the corm is mature. However, 
when the plant is old enough to bloom, the tip continues to grow and 
produces an infiorescenee which pushes up through the sheath of the inner 
leaf, and extends beyond its blade. This inflorescence consists of a peduncle 
and a raceme with from 6 to 12 flowers. It has not yet been determined how 
old a plant must be before blooming. 

Development and Structure of Roots. The embryo has no primary 
root, hence all the roots of the plant are adventitious. The first root of the 
seedling arises by rapid nuclear and cell divisions in a small group of 
parenchymatous cells in the outer cortex of the upper part of the protocorm. 
The group of meristematic cells enlarges and becomes differentiated into a 
typical root-tip, and then elongates and extends horizontally outward. The 
root may stretch the epidermis before breaking it and emerging (fig. 7). 
The root remains unbranched. Often this root from the protocorm is absent, 
in which case a primordium (or occasionally two) arises in the bud. It 
appears as a group of meristematic cells in the outer cortex of the internode 
between the first and second leaves (fig. 5). This group of meristematic cells 
becomes a root-tip which elongates, digests its way through the epidermis 
of the stem and the sheath of the first leaf, and emerges. Sometimes, how¬ 
ever, the seedling has no root (fig. 2), and absorption is then entirely 
accomplished by means of the epidermis and the absorbing hairs of the 
protocorm. 

In each succeeding year, when the upper bud of the corm develops into a 
shoot, adventitious roots arise at its base (fig. 3). The number of roots per 
year increases as the plant ages. An early stage in the formation of a root 
primordium (figs. 9,12, 32) shows a small group of meristematic cells in the 
outer part of the stem, just below the attachment of a leaf. This group of 
meristematic cells becomes dome-shaped, as in figure 9, and may remain 
dormant in this condition during the winter, or may differentiate into a 
typical root-tip before dormancy begins. When the bud grows in the spring, 
the root-tip elongates horizontally and digests its way through the epidermis 
of the stem and the bases of one or more leaf-sheaths which enclose it (figs. 
11, 29--34). The root-tip, or tips, which originate in the lower bud^of a corm 
do not develop into roots if this bud is inhibited in its growth by the growth 
of the upper bud. 
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The roots of older plants form whorls in a zone at the base of the lateral 
shoots (fig. 3). The positions of the ten roots of a medium-sized plant are 
seen in figures 29-34, where the roots are numbered in the order of their 
position, beginning with the lowermost. This order is not necessarily the 
order of their age (for example, the seventh and eighth roots are younger 
than the ninth), but usually the lower roots are older than the upper ones. 
In the plant illustrated, the roots seem to be approximately opposite each 
other in series, that is, the first is opposite the third, the second opposite the 
fifth, the fourth opposite the sixth, and the seventh opposite the ninth. The 
eighth, however, is not opposite the tenth. Too few cases have been studied 
to permit generalizations concerning the regularity of the positions or the 
order of development of the roots. The}” extend outward in all directions 
from the shoot and are uiibranched. 

A mature root (fig. 8) consists of an epidermis, bearing root-hairs, a 
parenchymatous cortex, a well-defined endodennis, a stele with radially ar¬ 
ranged xylem and phloem and a small pith. The endodermal cells have Cas- 
parian strips on their radial walls, and the cells of the pericycle are thin 
walled opposite the xylem and thick walled opposite the phloem. The exarch 
xylem and phloem are surrounded by sclerenchymatous cells. The number 
of alternating strands of xylem and phloem increases from four (tetrarch) 
in young roots to many (polyarch) in older ones. Hyphae of the mycorrhizal 
fungus, which entered through the root-hairs, form knots in many of the 
cells of the cortex. 

Structure of Leaves. The three or four leaves of the seedling consist 
of two or three layers of undifferentiated mesophyll between the epidermal 
layers (figs. 4, 5). The outer leaf has a single median vein, and each of the 
others has three parallel veins, a median one and two smaller lateral ones. 
The cross section of the median vein shows only a few tracheids and sieve 
tubes, surrounded by a parenchymatous bundle sheath. The lateral veins 
may show only a single tracheid and one or two phloem cells in cross section. 

After the first year, the shoot produces from three to five leaves each year. 
Only one (usually the third) bears the elongated grass-like blade by which 
the plant is recognized during the growing season. Its blade (limb) and 
sheath are separated by a joint, but no ligule is present. The lower leaves 
are tubular sheaths. Sometimes a smaller leaf with a diminutive blade 
appears above the principal leaf. 

All the leaves become longer, wider, and thicker each year, and the num¬ 
ber of veins in each increases. When young, a plant has three veins in each 
leaf; when older, five; then seven; and when old enough to bloom, it may 
have from thirty to forty veins. The larger veins enter the leaf from the 
stem separately, and the smaller veins arise as branches from the larger ones. 
All the veins are parallel, but small cross-veins connect adjacent veins at 
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frequent, irregular intervals. All the veins join near or at the pointed tip 
of the leaf. 

The leaves of an individual plant differ somewhat in structure (figs. 12, 
13). They are progressively thicker from the lower to the upper. In all leaves 
the epidermal layers are thinly cutinized, and the mesophyll consists of 
simple parenchymatous cells, smaller in the outer half of the leaf, and larger 
in the inner half, but with no differentiation into typical palisade and spongy 
tissue. Large air spaces appear in the inner mesophyll of the lower leaves. 
The veins are surrounded by sclerenchymatous bundle sheaths. The larger 
collateral veins contain both xylem and phloem and the smaller veins may 
contain only phloem. Smaller strands between the veins may be composed 
entirely of scJerenchyma. The main veins are progressively larger from the 
lower to the upper leaf. 

Vascular System. The embryo has no vascular tissue, but wdien the 
apical bud is formed on the protoeorm, a small central provaseular strand 
is differentiated at the base of the bud (fig. 4) and continues upward as the 
bud develops. This strand becomes a simple protostele (fig. 26), its differen¬ 
tiation beginning at the lower end and proceeding upward. The stele is 
bounded by an endodermis of large thin-walled cells with conspicuous Cas- 
parian strips on their radial walls and by a parenchymatous pericycle of one 
layer of cells. The xylem consists of a few’ scalariform tracheids; the phloem 

Explanation of figures 4-13. 

Photomicrographs, showing structure of plant at diflFercnt stages of development. 
Fig. 4. Median longitudinal section of a young seedling (about same age as seedling 
in figure la) showing protoeorm with provaseular strand, meristem of bud, primordia of 
two concentric leaves. Fig. 5. Longitudinal section (not median) of a seedling some* 
wdiat older than that in figure 4, showing protoeorm, second leaf longer than first, primor- 
diiim of third leaf, and primordium of first adventitious root below the attachment of 
the second leaf. Fig. 6 . Longitudinal section of a seedling (about the same age as the 
seedlings in figure 21), E), showing portions of protoeorm (below) and second corm 
(above), second corm with starch, protoeorm with none; thick-walled cells above and below 
narrow junction between 2 corms, sheaths of 2 lower leaves stretched by second corm. 
Fig. 7. Cross section of protoeorm at level of first root, showing root protruding and 
stretching epidermis; provaseular strand between center of root and stele of jirotocorm. 
Fig. 8 . Cross section of mature root of old plant. Fig. 9. Portion of section of corm of old 
plant, showing bud with primordia of leaves, provaseular strands, and primordium of ad¬ 
ventitious root between first and second leaf-primordia; bud covert^d by conn tissue. Fio. 
10. Ooss section of base of shoot, just above its separation from corm. Vascular bundles 
from corm, each with circular strand of phloem, relatively small amount of xylem, and 
sclerenchymatous bundle-sheath. Fig. 11. Cross section of same shoot betw'een first and 
second nodes; a, c, d, e, midrib and midrib traces of first, third, fourth and fifth 
leaves, respectively. Young root digesting way through epidermis of stem and outer leaf, 
vascular connection of root and stem. Portion of cylinder of sclerenchymatous cells, 
showing connection with stele of older root. Fig. 12. (Voss section of same shoot at 
third node; letters, as above. Portions of sheaths of three leaves, young bud (upper left), 
provaseular strands extending horizontally toward bud, root primordium (lower right) 
at base of third leaf, 7 large and 8 small traces to fourth leaf. Fig. 13. Portions of 
cross sections of three mature leaves. 
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comdsts of a few sieve tubes and companion cells. The arrangement of xylem 
and phloem appears to be monarch. 

If a root is formed in the protocorm, a simple protostele is differentiated 
inward from the center of the root and meets the central stele of the proto¬ 
corm at a right angle (fig. 7). 

The upper part of the vaseidar system of the seedling consists entirely 
of leaf traces which make a two-sided pattern in supplying the two ranks of 
alternate leaves. This vascular system will be described from the base of the 
seedling upward (figs. 14-25) rather than in the direction of its differen- 



Figs, 14-27. Vascular system of plant of first season. Figs. 14-25. Series of cross-' 
sections from base upward, showing course of vascular bundles. Traces originating from 
one main bundle in black; those from other main bundle in white. Fig. 14. Through 
protocorm, with protostele and absorbing hairs. Fig. 15. Trace to first leaf, at a right 
angle with protostele. Fig. 16. Sheathing first leaf, with one vein; one vascular strand 
in stem. Figs. 17-18. First internode; larger of two main bundles (black) separated 
into three, median becomes median trace of second leaf, laterals each divide into two;* 
other main bundle (white) separated into three. Fig. 19. Base of second corm above 
second node. Second leaf with three veins. Inner branches of two laterals (black) fused, 
median (white) divided into three. Fig. 20. Third node, leaf not entirely separated. 
Midrib of leaf and trace to bud from median of above three (white), two lateral 
traces j(black) to third leaf. Figs. 21-22. Above third node. Second and third leaves, 
three veins each; three bundles (1 black, 2 white) continuing upward. Fig. 23. Above 
fourth node. Larger bundle (black) divided into three, middle becomes median trace to 
fourth leaf; two smaller bundles (white), each divide into two, inner branches unite, 
outer become lateral traces to fourth leaf. Figs, 24-25. Top of second corm. Fused 
bundle (white) divides into two, one goes to tip of corm and other to Bud in axil of 
fourth leaf; two bundles (black) go to same bud. Fig. 26. Detail of protostele from 
figure 14. Fig. 27. Detail of bundles from figure 17. 
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tiation from the tip downward. The central stele of the protocorm ‘‘divides” 
into two unequal bundles. The smaller bundle “passes into” the first leaf 
(fig. 15), and the larger continues upward for a short distance and then 
“divides”^ into two. The larger of these bundles, shaded black in figures 
17-25, gives rise to one-half of the vascular system, and the smaller, white 
in figures 17-25, gives rise to the other half. Each half will be described 
separately. 

The larger of the two main bundles divides into three (fig. 17). The 
median of these passes into the midrib of the second leaf, and each of the 
two smaller lateral ones divides again (fig. 18). The two outer of these traces 
become the lateral veins of the third leaf (fig. 21). The two inner bundles 
join into a single bundle which continues upward to the fourth node (figs. 
19-22) and then divides into three. The median bundle of these three goes 
to the midrib region of the fourth leaf (fig. 23), and the other two go to the 
bud in the axil of the fourth leaf. 

The course of the bundles on the opposite side of the seedling is similar. 
The smaller main bundle in the first internode divides into three (fig. 18), 
the two lateral ones becoming lateral traces to the second leaf, and the cen¬ 
tral one continuing upward to the second internocle, where it again divides 
into three (fig. 20). The median one of these three divides into two, one of 
which passes into the midrib of the third leaf and the other of which passes 
into the bud at the third node (fig. 20). Each of the two lateral bundles 
divides into two, the outer two becoming the lateral veins of the fourth leaf; 
the inner two joining and continuing upw^ard to the tip of the seedling (figs. 
23-25). Thus the median traces of the second and fourth leaves and the lat¬ 
eral traces of the third form one-half of the vascular system, and the median 
traces of the first and third and the lateral traces of the second and fourth 
leaves form the other half of the vascular system. When the new conn is 
formed by the enlargement of the two upper internodes, the vascular bundles 
are merely separated by the enlarging cells of the parenchyma and are not 
changed in their course. 

Because the new shoot develops from the upper bud of the corm in each 
subsequent season, the vascular system of this shoot is differentiated when 
the bud is developing on the corm, and is joined to the vascular system of the 
corm very early in the history of the bud. The vascular system matures as 
the bud grows into the new plant. Each year, as the plant becomes larger, its 
vascular system increases in number of bundles and complexity of pattern. 
The number and arrangement of vascular bundles was studied in increas¬ 
ingly older plants. The exact age of these plants was not known, but their 

2 The stele is said to ^ * divide,' ^ to ‘ * give off branches ^ * which * ^ enter * * other parts, 
and so forth, much as these expressions may be used of a road all built at one time, not 
as meaning that such events oceuy in ontogeny. It is in such a sense that they are used 
in the rest of this paper; the quotation marks being hereafter omitted. 
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age was assumed to be related to their size, to the number of veins in the 
principal leaf, and to the number of adventitious roots at the base of the 
shoot. 

The course of the vascular bundles in an older plant—one with 10 roots 
and 15 veins in its principal leaf—^is illustrated in the series of cross sections 
in figures 28-36. The upper bud of this plant had begun to develop and 



Figs. 28-36. Vascular system of older plant. Series of cross sections of developing 
shoot, from base upward. Letters as in figure 11. Principal bundles which enter from corm 
and extend to fourth leaf in black. Adventitious roots numbered in order of position 
from base upward. Fig. 28. Base of shoot above separation from corm, as in figure 10. 
Two irregular rings of vascular bundles, some branching, others fusing (indicated by 
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the first five roots had emerged at the base of the shoot (as in figure 3B, C) 
when it was fixed for sectioning. Here, again, the course of the bundles will 
be described from the base upward. The number of bundles in the base of 
the shoot varies at dilferent levels because some bundles fuse and others 
divide. Twenty-one bundles are shown in figure 28. They are placed some¬ 
what irregularly in two rings, the larger bundles in an inner ring and the 
smaller alternately in an outer ring. Figure 10 shows the character and 
arrangement of 15 similar bundles in the base of another plant. Bach bundle 
has a circular strand of phloem, a relatively small amount of xylem, and an 
encircling sclerenchymatoiis bundle-sheath. Some appear to be either fusing 
or dividing. 

At higher levels in the stem, the vascular system becomes very complex 
and seems to follow no regular pattern, as it does in the seedlings. The 
bundles may branch, anastomose, or (‘onnect by horizontal cross-bundles. 
Their course is particularly diflB(mlt to follow in the region where the roots 
emerge (figs. 29-32), because here they pass into and are obscured by a 
cylinder of cells which become thick-walled. A portion of this cylinder of 
sclerenchymatous cells is seen in the lower i)art of figure 11. 

The smaller bundles in the base of the shoot supply the first ring of roots 
and the first leaf. These bundles branch profusely, and several neighboring 
branches converge and join with the provascular strands of each young root- 
tip (fig. 11, upper part). As the tissues in the root develop, the sclerenchyma 
surrounding the bundles to the root becomes continuous Avith that which 
surrounds the vascular tissues in the root (fig. 11, lower). The number of 
bundles which supply a root and the manner in which the collateral bundles 
of the stem become oriented to form the radially arranged strands of xylem 
and phloem in the root were not studied. 

Other branches of bundles become the traces to the first leaf. These are 
followed with difficulty because they are obscured by the emergence of the 
roots below and at tjie level of departure of the leaf. The midrib and several 


arrows). Fig.^. 29-30. Below first node. First three roots emerging, cylinder of selcren- 
chymatous tissue (stippled), vascular bundles branching, anastomosing, and connecting 
by cross-bundles, traces of first leaf (ringed heavily). Fjo. 31. First node. First leaf 
partly separated from stem, three additional roots, part of ring of traces to second leaf 
in cortex, two central bundles present. Photomicrograph (reversed) of portion of this 
section in figure 11. Fig. 32. Second node. Second leaf i)artly separated from stem, 
seventh root penetrating base of second leaf, young primordium of eighth root in cortex 
of stem, ring of traces to third leaf forming. Fig. 33. Second internode. Ring of 
traces to third leaf, ninth root penetrating first and second leaves, primordium of tenth 
root in cortex of stem. Fig. 34. Tliird node. Three sheathing leaves, axillary bud of third 
leaf, ring of 15 traces to fourth leaf forming, 6 bundles in center of stem continuing 
upward. Photomicrograph (reversed) of portion of this section in figure 12. Fig. 35. 
Fourth node below leaf and bud, 7 traces to fifth leaf, 2 bundles continuing upward to 
stem tip. Fig. 36. Tip of shoot. Five concentric leaves, with 12, 17, 21, 15, and 7 veins, 
respectively. 
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other traces, however, can be followed in figures 29 and 30. They simply pass 
through the cylinder of thick-walled cells, extend obliquely upward across 
the cortex, and enter the base of the leaf. Of the 12 strands in the first leaf, 
several are small, consist only of sclerenchymatous cells, and should probably 
not be called veins. These seem to have no connection with the bundles in 
the stem. 

The seven larger bundles in the base of the shoot (black in figs. 28-36) 
also give off numerous small branches which become arranged in concentric 
rings and supply the other leaves and roots. One ring of 17 traces supplies 
the second leaf and another of 21 supplies the third (figs. 29-34). Some of 
these are seen in detail on either side of the root in figure 11. The seven main 
bundles, together with eight smaller alternating branch-bundles, finally 
enter the base of the fourth leaf (figs. 33-35, 12) which is the principal leaf 
of the plant. Two central bundles which originate below the first node be¬ 
come the midribs of the fifth and sixth leaves. One of these, together with 
six additional branch-bundles, supidies the fifth leaf, and the other goes to 
the tip of the stem. 

The courses of the seven main bundles were followed from the corm 
upward to the base of the fourth leaf in order to discover a possible plan in 
their branching. No such plan was found. The course of the median trace 
to the fourth leaf (d in figs. 28-36, 11, 12) will be described. In the base of 
the stem it gives off two branches, one extending outward from each side 
(fig. 28). At a higher level, it gives off another branch (fig. 29) which enters 
the fifth root. Still higher it connects by a cross-bundle with one of the 
bundles in the center of the stem (fig. 30), and above this it connects by two 
cross-bundles with the two adjacent main bundles (fig. 30, dotted lines). 
Continuing upward, it then gives off, toward the outside, two small bundles 
(figs. 31, 32, arrows) which become leaf traces to the second leaf, and finally 
another which divides into two (fig. 33), which become traces to the third 
leaf. It then passes into the midrib region of the fourth leaf without further 
branching. 

A similar study of the vascular systems of many older plants indicated 
that the larger bundles entering the stem from the corm extend upward, 
giving off many branches, and become the principal veins of the principal 
leaf; that usually an odd number of veins enters this leaf; that the number 
of veins in the sheathing basal leaves is greater than the number in the 
principal leaf; that the number of veins in the blade of the principal leaf is 
greater than the number in its sheath because some of the veins in the blade 
branch; that the branches from these bundles supply the other leaves and 
roots. The number of strands per leaf may be large; for example^ the outer 
leaf in figure 13 has 51, the second has 58, and the third has 31. The num¬ 
ber of principal veins in these leaves is 19,11, and 9, respectively. 
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DISCUSSION 

The interpretation of the structure of the embryo of orchids presents 
difficulties. The embryo may be considered simple and undifferentiated 
(Arber, 1, p. 166), lacking all of the parts of a typical monoeotyledonous 
embryo and consisting of only a food-storage region and a raeristematic 
region. When the seed germinates, the posterior portion of the embryo 
supplies food to the anterior meristematie region which produces a more or 
less enlarged and elongated axis with a bud at its apex. The bud develops 
into a stem with sheathing leaves at its nodes, and might, therefore, be con¬ 
sidered a plumule (epicotyl?). But how shall the axis-like part, which lies 
between the original food-storage region and the insertion of the first leaf, be 
interpreted? It becomes green because of the formation of chloroplasts in 
the outer layers of its cortical cells. It may produce absorbing hairs all over 
its surface. Its central vascular strand is a monarch protostele, surrounded 
by a well-differentiated endodermis. The first root of the seedling often ori¬ 
ginates in this part of the seedling. Goebel (11, pp. 1402-3) calls this part of 
the axis a hypoeotyl. It has many of the features of a hypocotyl, but if it is 
one, must the leaf at the first node be considered a cotyledon, or does the 
hypocotyl join the epicotyl with no cotyledon at the junction? I have called 
this part of the axis a protocorm, or first corm, simply because it enlarges in 
diameter and becomes filled with starch. I have assumed that the hypocotyl is 
lacking and that the plumule produces the shoot which bears true leaves at 
its nodes. 

There seems to be no (juestion about the fact that a primary root is 
lacking in the embryo. This absence of a root is not surprising, because the 
primary roots of many other monocotyledons are lacking or ephemeral. 
Arber (1) states that the differentiation of a primary root at the suspensor 
pole of the embryo is prevented by the presence of the endophytic fungus in 
the cells of this pole. This cannot be true of Calopogon 'pulchellus because 
no endophytic fungus was present in the embryos nor in seedlings grown 
in a sterile culture medium. All of the roots of C. pulchellus are adventitious, 
arising in the cortical parenchymatous cells of the protocorm or of the 
low^er nodes of the stem. 

Is a cotyledon present in the embryo? Some might interpret the food- 
storage region of the embryo as a cotyledon; others might assume that the 
first leaf is a cotjdedon; wdiile still others might conclude that a cot 3 dedon 
is lacking. In this work I have taken the last position. 

Growth of C. pulchellus is sympodial; that is, the new shoots arise from 
lateral buds. Sympodial growth is common among the orchids and other 
monocotyledons. The terminal bud ceases growth and differentiation and 
usually dies, but the causes of the cessation of growth or death of the termi- 
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nal bud are not known. Arber (1, pp. 29, 221), reporting work by Bernard, 
suggests that growth and diflferentiation slow down or cease when tuberiza- 
tion begins and that tuberization begins when the plant becomes infected 
with the mycorrhizal fungus. Knudson (14, 15) showed that certain effects 
of the fuiigus could be replaced by the addition of certain carbohydrates. 
Whether or not the cessation of terminal growth and the tuberization of the 
two upper internodes (with the intervening node) of the stem of C. pulchel- 
lus are related to infection by a mycorrhizal fungus or to the carbohydrate 
supply is not known. 

The vascular system of the young plant consists of the single vascular 
bundle in the protocorm and the leaf traces, while that of older plants con¬ 
sists entirely of leaf traces. The single leaf trace of the first leaf passes’^ 
independently across the cortex and joins the bundle in the protocorm at a 
right angle. The three leaf traces from each of the other leaves fuse in a 
definite pattern and form two main bundles which join with the bundle in 
the protocorm. The fact that the trace of the first leaf is entirely separate 
from those of the later leaves may be a consideration in determining whether 
or not this leaf is a cotyledon. 

Each year after the first, the vascular system of the plant arises in the 
upper lateral bud of the corm. Provascular strands appear, in the usual 
manner, during the differentiation of the bud, and those strands to the 
third leaf-primordium connect with nearby bundles of the corm and become 
the main vascular bundles of the stem of the new plant. Those provascular 
strands which become the leaf traces of the first and second leaves, as well 
as those to the adventitious roots, join the main vascular strands very near 
the level of the departure of the respective organs. Leaf traces from the 
fourth leaf (when present) also join to the main vascular strands. 

Because each year the older plant consists of only four nodes with the 
intervening internodes, the pattern of the vascular system is the same, except 
that the number of bundles increases as the plant gets older. The pattern is 
different from the palm type (2) and the types in the Cyperaceae and other 
monocotyledons described by Plowman (16). The main bundles of the plant 
of (7. ptdchellus “pass” continuously from the corm through two internodes 
and become the main traces of the third leaf, which is the principal leaf of 
the mature plant. All other bundles are traces which join the main bundles 
at the nodes. Anastomoses of bundles are frequent and follow no particular 
plan. 

The plant passes the winter as a corm with two lateral buds. I have used 
the term “corm” rather than “tuber” because the enlarged stem is short, 
thick, and axial, and is covered by the dead bases of the ensheathlng leaves. 
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It is similar to a corm of Crocus. Each year a new corm is produced by the 
two upper internodes of the stem and the old corm shrivels and disintegrates. 

SUMMARY 

1. Seeds of Calopogon pulchellus were germinated on a culture medium 
and the young plants were grown for two years. Older plants were collected 
in the field. The anatomy of plants from embryo to the age of blooming was 
studied. 

2. The embryo consists of a food-storing region and a meristematic region 
which develops into a bud. The bud produces a seedling, with a protocorm at 
its base and four leaves above. The first root is adventitious and may arise 
from the protocorm or from the first node of the stem. A second corm arises 
from the two upper internodes of the stem, and the excess food passes from 
the protocorm to the new corm. All of the plant except the second corm dies 
at the end of the ^rst growing season. 

3. The plant of the second year arises from a bud at the upper node of 
the corm. It also produces an adventitious root at its base, four or five leaves, 
and a new corm from the two upper internodes of its stem. The development 
of the plant is much the same in succeeding years, except that the number 
of roots becomes greater and the leaves and the new corm become larger each 
year. 

4. The structure of the root, stem and leaves of a mature plant, and the 
course of the vascular system in seedlings and older plants are described. 
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A FURTHER NOTE ON THE PRODUCTION OF THIAMINE 
BY ACTINOMYCES 

J. Arthttr Herrick and Const. J. Alexopoulos’ 

In a previous paper in which the writers reported the results of studies 
on antibiosis between some species of Actinomyces and certain fungi (1), it 
was suggested that certain results ''may very well be an indication of the 
presence of growth stimulating substances secreted in the agar’’ by the 
actinomycetes employed in those experiments. In a subsequent paper (2) 
the writers reported the production of thiamine or its precursors by Actmo- 
myces viridochromogenus. In the meantime Mackinnon reported the pro¬ 
duction of thiamine by A. albns (8). 

In view of the above, it appeared desirable to test a number of different 
species of Actinomyces to discover if the production of thiamine is wide¬ 
spread in this genus. 

EXPERIMENTAL STimiES 

A suitable number of 200-cc. Erlenmeyer flasks, each containing 25 cc. 
of a liquid medium, prepared according to the formula and procedure pre¬ 
viously reported (2), w^ere sterilized by autoclaving at 17 lbs. pressure for 
15 minutes. Ten flasks were then inoculated with a heavy spore suspension 
of each of 24 actinomycetes,*-* respectively. A suitable number of flasks were 
retained for use as controls. 

Nine days after inoculation'^ tlie actinomyt'Cte mycelium was removed by 
filtration through filter paper, the filtrates restored to their original volumes 
with distilled w^ater, and their aci<iities adjusted to pH 5.4. The 250 cc. of 
each filtrate were divided into 50-cc. portions and returned to five of the 
original flasks. The sterile control medium was treated in a similar fashion. 
The filtrates w^ere now sterilized at 17 lbs. pressure for 20 minutes. In order 
to destroy a thermolabile inhibitor known to be present in filtrates of A. gou- 
geroii cultures, these filtrates were immediately reautoclaved at 17 lbs. pres¬ 
sure for another 20 minutes. On the following day all flasks were inoculated 
with 4-mm. discs cut from young cultures of Phycornyccs hldkcslceanus 
growing on eornmeal* agar in Petri dishes. 

^ The writers wish to expreHS their appreciation to Dr. H. A. Cunningham, Chairman, 
Department of Biology, Kent State University, for his encouragement and cooperation in 
providing research facilities. 

2 The writers are grateful to Dr. Selman A. Waksinan for supplying 14 of the 24 cul¬ 
tures employed in these experiments. 

3^. gougeroti was permitted to grow 17 days because of its very slow growth rate. 
Proa, polychromogenes and Micromonospora failed to grow satisfactorily in the medium 
used and were discarded after several weeks. 
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Thirteen days after inoculation the Phycomyces mycelia were removed 
from the filtrates by filtration through filter papers, dried at 100° C, and 
the dry weights determined. Because of a few contaminations only four of 
each set of flasks were filtered. The essential data are presented in the accom¬ 
panying table (table 1). , 

TABLE 1. Dry weights of Phycomyces hldkesleeanus mycelium produced in IS days 
on culture filtrates of various actinomycetes 


Species 

Dry weight, in mg., of 
mycelium from 
four flasks 

A. albidoflaws 

287 

A. alhosporeus . . . . 

154 

A. alb us 

206 

A, annulatus . 

166 

A. aureus' 

184 

A. bobtU 

468 

A . californicuH 

111 

A» eellulosae 

170 

A, flmicarius 

131 

A, flavovirens 

367 

A. flavus 

118 

A . f radii 

511 

A,goiigeroti 

442 

A. halstedii . .. . 

133 

A . madurae . 

106 

A* purpeochromogenus 

111 

A . reticuli 

256 

A. scabies .. 

340 

A. violaceous-ruber 

228 

A, viridochromogenus 

4 

191 

Proa, aster aides . . . . 

132 

Proa, salmonicolor . 

92 

Control. 

17 


Description of the Phycomyces 
mycelium 


Complete coverage of surface. Heavy 
sporangiopliore production. 

Complete coverage of surface. Medium 
sporangiophore production. 

Most of surface covered. Medium sjio- 
rangiophore production. 

One half of surface covered. Medium 
sjiorangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

Complete coverage of surface. Very 
heavy sporangiophore iiroduction. 

Complete coverage of surface. No spo- 
rangiophores. 

One-half of surface covered. Medium 
sporangiophore iiroduction. 

One-third of surface covered. Medium 
sporangiophore production. 

Surface completely covered. Heavy spo¬ 
rangiophore production. 

Little surface growth. Very few spo- 
rangiopliores. 

Complete coverage of surface. Very 
heavy sporangiophore production. 

Complete coverage of surface. Heavy 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Light spo¬ 
rangiophore production. 

One-half of surface covered. Light spo¬ 
rangiophore production. 

One-half of surface covered. Heavy 
sporangiophore production. 

(complete coverage of surface. Heavy 
sporangiophore production. 

Three-fourths of surface covered. Me¬ 
dium sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Very few 
sporangiophores. 

Small, completelv submerged mycelia. 
No sporangiophores. 
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DISCUSSION AND CONCLUSIONS 

The growth of Phycomyces hlakesleeanns as a test for thiamine has been 
previously discussed (2). A comparison of the growth of P. Uakesleeanus on 
the filtrates of the 22 actinomycetes employed in these experiments with that 
on the control medium is offered as convincing evidence that all of the 
actinomycetes investigated are able to produce detectable amounts of thia¬ 
mine, or its precursors, in culture. 

Although the species investigated constitute only about one-fifth or less 
of the total number of actinomycetes known, the fact that all of them gave 
positive results would seem to indicate that the production of thiamine is 
very widespread in the genus Actinomyces. 

SUMMARY 

Twenty-two actinomycetes were grown on a thiamine-free liquid 
medium. The cultures were filtered, the filtrates acidified and autoclaved. 
All of the 22 filtrates were found to support a considerable growth of Phyco¬ 
myces hlakeslecamis. It is therefore concluded that all of the 22 actinomy¬ 
cetes investigated produce thiamine or its intermediates or precursors in 
culture. 

Department of Biology, Kent State University 
Kent, Ohio 
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VITAMIN DEFICIENCIES OF FIFTY YEASTS AND MOLDS 

Paul R. Burkholder and Dorothy Moyer 

This paper is a report of studies made on the growth factor requirements 
of thirty-three strains of yeasts representing twenty-four species, and seven¬ 
teen strains of molds belonging in thirteen species. Since the vitamin re¬ 
quirements of microorganisms have been extensively reviewed in the recent 
literature, discussion of various aspects of the subject will not be given here. 
Our knowledge concerning vitamin deficiencies of the filamentous fungi has 
been well summarized by Robbins and Kavanagh (1). References to im¬ 
portant literature dealing with the vitamin relations of yeasts may be found 
in a paper by the senior author (2). 

Cultures of Fames annosus and Lenzites hettiUna were made available 
through the kindness of Dr. Ross W. Davidson, Division of Forest Pa¬ 
thology, Bureau of Plant Industry, Washington, D. C. Dr. Alma D. Water¬ 
man, Division of Forest Pathology, Bureau of Plant Industry, New Haven, 
Conn., supplied cultures of Cytospora sp. and Coryne sarcoides. The species 
of Trichophyton, Hormodendron, Phialophora, and Sporotrichon were ob¬ 
tained from Dr. C. W. Emmons, National Institute of Health, Bethesda, Md. 
The yeast cultures were supplied by Drs. L. J. Wickerham and Kenneth B. 
Raper, from the Culture Collection of the Northern Regional Research 
Laboratory, Bureau of Agricultural Chemistry and Engineering, Agricul¬ 
tural Research Administration, U. S. Department of Agriculture, Peoria, Ill. 
Stock cultures of these microorganisms were carried on yeast-peptone- 
dextrose agar. 

The methods employed in this study were essentially the same as those 
which have been reported earlier (2). The basal medium employed for culti¬ 
vation of the molds and yeasts contained the following compounds in each 
liter of solution: dextrose C.P., 20 gm.; recrystallized asparagine, 2,0 
gm.; KH2PO4, 1.5 gm.; MgS 04 7 H 2 O, 0.5 gm.; CaCL 2 H 2 O, 0.33 gm.; 
(NH 4 ) 2 S 04 , 2.0 gm.; and KI, 0.1 mg. Trace elements were added to this 
medium in p.p.m. as follows: B, 0.01; Mu, 0.01; Zn, 0.07; Cu, 0.01; Mo, 0.01; 
and Fe, 0.05. Vitamin supplements were added singly or in combination in 
micrograms per liter of medium as follows; thiamine hydrochloride, 200; 
pyridoxifie hydrochloride, 200; nicotinic acid, 200; biotin methyl ester, 2.0; 
calcium pantothenate, 200; and inositol, 10,000. Riboflavin was generally 
omitted from consideration inasmuch as earlier work indicated that yeasts 
and molds are not commonly deficient for this vitamin.^ The dosages of 

1 In the series of cultures set up for several human pathogens (figure 1), riboflavin 
(200 micrograms per liter) was included in the medium. 
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TABLE 1. Growth of yeasts in a chemically defined medium with varied supplements 
of vitamins and liver concentrate. The values represent turbidity units of cultures grown 
for 7£ hours at C. 


Organisms 


Candida albicans 

416 

14 

10 

148 

179 

155 

139 

74 

156 

210 

C. albicans 

430 

8 

8 

174 

194 

190 

165 

130 

205 

187 

C. albicans . 

461 

6 

10 

187 

192 

184 

147 

156 

176 

201 

C. albicans 

462 

4 

5 

224 

241 

234 

202 

124 

235 

281 

C. albicans .. 

467 

7 

0 

204 

200 

192 

193 

119 

190 

243 

C. albicans 

475 

0 

0 

0 

0 

0 

0 

0 

0 

181 

C. chalmersi 

982 

0 

4 

312 

322 

322 

329 

289 

262 

244 

C. chevalieri 

309 

265 

336 

391 

349 

329 

340 

379 

316 

623 

C. de for marts 

321 

35 

290 

327 

304 

314 

290 

26 

340 

247 

C. flarcri . 

245 

0 

4 

121 

113 

113 

99 

98 

106 

95 

C. mycotoruloidea 

527 

0 

1 

144 

156 

148 

141 

61 

149 

170 

C. paralcrusei 

316 

0 

0 

162 

167 

157 

149 

157 

144 

182 

C. stellaioidea 

523 

27 

29 

185 

201 

189 

179 

86 

195 

206 

C. stellatoidca 

524 

0 

0 

59 

63 

62 

61 

54 

59 

81 

C. stellatoidca 

525 

10 

28 

191 

205 

194 

190 

77 

195 

220 

C. stellatoidca 

526 

25 

36 

194 

195 

193 

195 

92 

195 

245 

C. seylanoUlcs 

347 

0 

0 

160 

148 

72 

152 

147 

134 

65 

Chalara my coderma 

709 

3 

382 

322 

375 

360 

355 

8 

357 

415 

Hansenula suaveolens 

838 

184 

174 

217 

203 

227 

180 

223 

172 

422 

Moniha albtcans 

414 

14 

16 

138 

168 

166 

151 

93 

156 

169 

M. metalondinensis 

82 

. .. . 12 

23 

161 

191 

203 

166 

206 

189 

205 

M. metalondinensis . 

539 

12 

18 

188 

170 

174 

180 

121 

160 

211 

My coderma lafarii , 

936 

0 

36 

247 

307 

222 

249 

89 

211 

265 

M. vini . 

939 

0 

0 

0 

0 

0 

0 

0 

0 

124 

Pichia alcoholophila 

0 

0 

820 

795 

770 

820 

795 

720 

790 


373 (after 9 days) 
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TABLE 1.— (Continued) 


Organisms 



i i t I I I 


P. belgica . 

0 

3 

0 

113 

110 

59 

14 

109 

132 

952 

P. Dombrowslcii . 

19 

233 

256 

237 

204 

223 

9 

244 

290 

119 

Saocharomyees hayanue . 

966 

26 

96 

316 

161 

372 

44 

257 

290 

397 

S, vcUidus . 

0 

0 

104 

76 

89 

62 

*0 

117 

67 

972 

Schigosaccharomyces pomhe ... 
9 

Torulopsis dattila . 

4 

1 

107 

6 

1 

4 

114 

72 

193 

15 

157 

174 

178 

182 

184 

0 

153 

88 

171 

T, molischiana . 

4 

1 

174 

133 

131 

156 

129 

146 

199 

218 

jT. aphaerica . 

169 

0 

0 

229 

90 

0 

234 

193 

214 

215 


biotin and inositol were increased 10 fold over those employed in earlier 
work (2), 

Nine kinds of medium were prepared for testing: the growth-factor re¬ 
quirements of each fungus as follows: no addition of vitamins, addition of 
six vitamins, addition of six vitamins plus Wilson^s liver concentrate (or 
peptone for some molds) 0.5 gm. per liter, and single omissions of each of 
the six vitamins (table 1), The yeasts were cultivated in liquid media. For 
the molds, gel-substrates were obtained by addition of 1.5 per cent purified 
agar to the liquid media. The agar was purified by prolonged extraction of 
1 pound of agar shreds in 12 liters of 5 per cent aqueous pyridine. The 
leached agar was then washed twice with several liters of ethyl alcohol, and 
finally boiled in 10 liters of alcohol for 12 hours. After filtering in a 
Biichner funnel, the material was dried in large crystallizing dishes at 60° C. 
Essentially this same method has been employed by Robbins and Ma (3) for 
cleaning agar to be used in vitamin studies. 

In a few experiments, silica gel was employed as a semi-solid substrate. 
This part of the work was performed in our laboratory by Mr. E. H. Tryon, 
who found certain deficiencies in Cytospora sp., Fomes annosus, and Coryne 
sarcoides with this method. The technique has been discussed recently in 
connection with cultivation of algae (4) and would seem to offer distinct 
advtotages for cultivation of fungi in defined media. ^ 

All the media were adjusted to about pH 5,0 and sterilization was effected 
. in an autoclave operated at fifteen pounds pressure for fifteen minutes. Yeast 
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inoculum was prepared by transferring a small amount of stock culture into 
5 ml. of sterile basal medium free of all vitamins. After thorough mixing to 
obtain a uniform suspension of organisms, a loopfii] 4 mm. in diameter was 
used to inoculate each culture tube containing 5 ml. of one of the designated 
kinds of media. Duplicate sets of media were employed for each kind of 
fungus. Growth of yeasts was allowed to proceed for 72 hours at approxi¬ 
mately 25® C. Growth was estimated turbidimetrically with a Klett photo¬ 
electric colorimeter. 

The media for cultivation of molds were inoculated with very small 
amounts of mycelium or with spores transferred on a platinum wire from 
stock cultures grown on nutrient agar. The growth period varied from three 
to six weeks, depending upon the rate of development of the mold. Subcul¬ 
tures were made in sets of deficient media to check further upon vitamin re¬ 
quirements and to reduce the amounts of vitamins which may have been 
carried over with the inoculum. Growth of the molds was observed by direct 
examination. 

A summary of the growth responses of thirty-three strains of yeasts is 
presented in table 1. The code number under each species name in the table 
refers to the number in the culture collection from which the yeasts were 
derived. 

Five strains of Candida albicans appeared to be completely deficient for 
biotin, and partially deficient for thiamine. These strains were isolated 
originally from poultry or from human hosts. The strain 475 of C. albicans 
isolated from man appears to possess deficiency for some unidentified factor. 
Fair growth occurred only in the medium containing liver concentrate. The 
other species of Candida, with the apparent exception of C. chevalieri, were 
also deficient for biotin. Several of these showed partial deficiencies for 
thiamine, and C. zcylanoides gave indication of partial niacin deficiency. 

In the majority of yeasts biotin is a required growth factor. Next to 
biotin, vitamin Bx deficiency appears most frequently. Pichia belgica was 
found to require biotin, pyridoxine, and thiamine; its growth was improved 
somewhat by addition of inositol. Saceharomyces bayanus required some 
accessory biotin and inositol for maximum growth. Schizosaccharomyces 
pombe grew poorly with single omissions of biotin, pantothenic acid, nico¬ 
tinic acid, and inositol. Tomlopsis sphaerica failed to grow in the absence 
of biotin or niacin and also showed partial deficiency for pantothenic acid. 

Candida deformans, Chalara mycoderma, and Pichia Dombrowskii ap¬ 
pear to be deficient for thiamine but not for biotin. Candida chevalieri and 
Hansenula suaveolens showed no deficiency for any of the six vitamins, 
though much better growth of these species was obtained with liver supple¬ 
ment added to medium containing the six vitamins. Mycoderma vini grew in 
medium containing liver concentrate but not in the synthetic media. 
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The essential growth factor requirements of seventeen fungi are shown 
in table 2, It appears from the results of our work and that of others that 


TABLE 2. Vitamin requirements of molds grown in synthetic medium containing 
purified agar or silica, gel and varied supplements of six vitamins, etc: 


Species 

Vitamin requirements 

Grovirth in liver or 
peptone 

Hormodendron pedroaoi 

Deficient for thiamine 

Somewhat stimulated 

Phialophora verrucosa 

Deficient for thiamine 

. . ,. 

Sporotrichon schencici 

Deficient for thiamine 

Not stimulated 

Trichophyton acuminatum 

Partially deficient for 
thiamine 

Not stimulated 

T. faviforme 

Deficient for thiamine and 
inositol 

Stimulated 

T, mentagrophytes 

No deficiency observed 

Stimulated 

514 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

517 

T, mentagrophytes 

No deficiency observed 

Not stimulated 

598 < 

r. mentagrophytes 

599 

No deficiency observed 

Not stimulated 

r. mentagrophytes 

No deficiency observed 

Not stimulated 

607 

y. ruhrum 

No deficiency observed 

Somewhat stimulated 

T, sulphureum 

Deficient for thiamine 

Not stimulated 

T, violaceum 

Deficient for thiamine 

Greatly stimulated 

Fomes annosus* 

Deficient for thiamine 

Coryne sarcoides* 

Deficient for thiamine and 
biotin 


Cytospora sp* 

Deficient for thiamine 


Lenzites hetulina 

Deficient for thiamine 



* Cultivated by E. H. Tryon in nutrient silica gel. 

the various species of Trichophyton differ in their vitamin requirements. The 
five strains of T. mentagrophytes and T. rnhrum seem to be able Ho grow 
well without the addition of any vitamins. Four other species of Tricho¬ 
phyton require thiamine, and T, faviforme appeared to be deficient for both 
thiamine and inositol. Robbins, Mackinnon and Ma (5) have recently found 
r. discoides to be deficient for thiamine, inositol, and pyridoxine. As indi¬ 
cated in table 2, the species of fungi which live in wood, Cytospora sp., Femes 
annosus, and Lenzites hetulina are deficient fpr thiamine, while Coryne 
sarcoides requires both thiamine and biotin. 

SUMMARY 

Vitamin requirements of thirty-three yeasts and seventeen molds, in¬ 
cluding some important pathogens in both groups, were studied in chemically 
defined media. Biotin and thiamine deficiencies occurred most commonly. 
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Deficiencies for pyridoxine, pantothenic acid, inositol, and nicotinic acid 
were found in several yeasts. 

Osborn Botanical Laboratory, Yale University 
New Haven, Connecticut 
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INFLUENCE OF TEMPERATURE ON THE INFECTION 
OF WHEAT BY THE POWDERY MILDEW 
ERYSIPHE GRAMINIS TRITICI^ 

Robertson Pratt 

Discovery and recognition of physiologically specialized forms in the 
powdery mildews (Neger 1902, Marchal 1902) similar to those then recog¬ 
nized in the rusts and smuts initiated an avid search for more examples of 
such specialization in this group of obligate ectoparasites. Consequently, 
papers describing new species or races or extending our knowledge of the 
host range of these fungi are numerous, while there is a relative dearth of 
literature concerning other phases of their physiology. The purpose of this 
investigation was to study quantitatively the effects of temperature, daily 
period of illumination, and of humidity upon the infection of wheat, TW- 
ticum vulgare, by the powdery mildew, Erysiphe graminis triiici. The pres¬ 
ent paper is concerned with the effects of temperature. 

METHODS 

Hanging drop cultures were employed for studies involving the fungus 
alone. For experiments involving mildew cultures on the host plant under 
controlled conditions, a thermostatic chamber (Trelease 1925) was employed. 
Uniform light was provided by a 1000-watt clear Mazda-C electric light lamp 
and a reflector. To exclude extraneous daylight the light assembly was sur¬ 
rounded by a truncated pyramid of galvanized iron that rested on the top of 
the incubation chamber. Between the lamp and the glass roof of the chamber 
was a water screen 25 mm. deep flowing at a rate of approximately 3.2 liters 
per hour. To insure uniform quality and quantity of radiation, bulbs were 
discarded after 500 hours of service. Tests showed that mildew response and 
development were, as far as could be determined, identical throughout this 
period. 

Stock cultures of the mildew were maintained in the greenhouse at 
16°-21® C, and experimental plants were inoculated in the manner de¬ 
scribed by Trelease and Trelease (1928). Experimental plants were grown 
in mildew-free chambers or under bell jars, and all reasonable precautions 
were taken to avoid accidental inoculation. At the beginning of each experi¬ 
ment one-half of the plants were inoculated. The remainder were left in a 
mildew-free chamber in which conditions favorable for mildew development 
were maintained. If no infection appeared among the control plants within 

1 The work reported in this paper was done in the laboratory of Plant Physiology at 
Columbia University between 1931 and 1936. 
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five days, it was considered as reasonably certain that the whole set of plants 
was mildew-free at the start of the experiment. At the temperature used 
(16®-21® C), mildew becomes abundant on an infected plant in from two- 
and-one-half to three-and-one-half days. These plants were then inoculated 
and used for stock cultures of the fungus. All experimental plants were 
inoculated at about the same time of day (5:00-6:00 p.m.), so that the 
photosynthetic and metabolic products within the plants would be as nearly 
uniform as possible at the time of inoculation in the different experimental 
sets. Yarwood (1934) has shown that clover leaves removed in the evening 
are more susceptible to Erysiphe than those removed in the morning. De¬ 
tailed methods and deviations from this general mode of procedure are noted 
under the experiments concerned. 

A virulent strain of mildew which had been maintained in the green¬ 
house for several years was used. It was not deemed necessary to make a 
single-spore isolation of the mildews, since very consistent and reproducible 
results were obtained in all experiments, indicating that if two or more 
strains of the fungus were present they were equally and similarly sensitive 
to the experimental conditions imposed upon them. In all experiments, Mar¬ 
quis, a Spring variety of wheat was used as the host. Plants were grown in 
ordinary loam in four-inch clay pots, about 50 plants in a pot, and were 
inoculated when the first leaf was fully expanded. 

REST^LTS 

Table 1 and figure 1 show the effect of temperature upon mildew develop¬ 
ment on wheat plants exposed to twelve hours illumination daily. In all tem¬ 
perature experiments eight pots of plants (about 400 seedlings) wTre used 
and each experiment was duplicated. Thus the averages are for 16 sets of 
plants. High humidity was provided by hanging w^ater-soaked towels around 
the inside of the incubation chamber. The data in table 1 indicate that the 
optimum temperature for mildew^ infection on wheat under the conditions 
of these experiments is about 20° C. From -2° to 15° C the rate of mildew 
growth increased rapidly and the effect of temperature on the relative rates 
of early and late stages of development was about the same (column 5), al¬ 
though the maximum virulence of infection at - 2° C was somewhat less than 
at higher temperatures (column 6). At the optimum temperature (20° C) 
the processes concerned with maturation and the formation of conidia pro¬ 
ceeded relatively about twice as rapidly as at the low^er temperatures (column 
5 ). A slight further rise in temperature, however, while not appreciably 
altering the rate of early growth (column 2) exerted a relatively pronounced 
effect on the stages of development concerned with vegetative maturation 
(column 5). At 30° C no macroscopic indications of infection were found. 
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TABLE 1. Effect of temperature upon incubation period (time required for mildew 
to appear) and maturation period (time required for development of oonidia minus incu- 
hation period) 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 


Average 

Average 
time for 

Average 

Maturation Period 

Virulence 

of 

Temp. 

incubation 

maturation 

infection 

period* 

appeiarauce 
of conidia 

periodb 

Incubation ‘ * 

(approxi¬ 

mate) 

-2®C 

17.6 days 
9.75 “ 

28.25 days 

10.75 days 

0.614 

-hH- 

+ 5°C 

16.00 

6.25 

0.642 


10^0 

6.25 “ 

10.00 

3.75 '' 

0.600 

. -K-H4 

15°C 

3.25 “ 

5.25 

2.00 

0.615 

1 lii-l- 

20°C 

2.60 “ 

3.25 

0.75 '' 

0.300 

1 IH-f 

2fi®C 

2.50 “ 

3.75 ‘‘ 

1.25 ‘‘ 

0.500 

11 L.J_ 1 

11 m 

30®C 




. 

. 


» Time elapsed between inoculation of the plants and the first macroscopic signs of 
infection. 

b Time required for appearance of first conidia minus incubation period. 

Compared with many saprophytic and parasitic fungi, Erysiphe appears 
to have a very low maximum temperature for infection, although Maneval 
(1922) reported that for twenty species of rusts the maximum temperature 
for germination of teliospores is less than 30° C. High temperature might 
prevent infection by a direct deleterious effect upon the fungus either before, 
during, or after germination of the conidia or by causing changes in the 
metabolic products or processes of the host that render it unsuitable for sup¬ 
porting the parasite. These possibilities were examined. 

Large numbers of conidia were used to determine the effect of tempera¬ 
ture upon spore germination in tap water. Hanging drops containing from 
two to three hundred spores each were kept in darkness at the different tem¬ 
peratures and after twenty-four hours the spores were killed by placing a 
little formalin in the bottom of the chambers. The total number of spores and 
the number of germinated spores were then recorded. The data obtained are 
presented in figure 2, which shows that maximum germination occurred from 
15° to 20° C. Either side of that range, germination fell off abruptly. At 
35° C there was no germination at all in twenty-four hours, and the spores 
lacked their natural clear hyaline appearance. Instead, the contents appeared 
granular and coagulated. The effect of temperature upon spore germination 
will be referred to below. It sufeces here to note that failure to obtain infec¬ 
tion of wheat at 30° C was not due to failure of spores to germinate, since 
germination at that temperature was of the same order of magnitude as at 
- 2° C, where good infection occurred. 

Wheat plants grown from seed at 30° C until the first leaf was fully ex¬ 
panded were inoculated, and at regular intervals two pots of the inoculated 
plants were transferred to a chamber at 20® C and the remainder were left at 
30° C. Minute white patches of mycelium appeared in two and a tfalf days 
and numerous conidiophores appeared a day later on the plants at 20° C, 
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but no signs of mildew appeared on those at 30° C even after one week. Micro¬ 
scopic investigation of these leaves revealed no stages of mildew development 
beyond the production of germ tubes from thirty to forty microns in length. 
No penetration of the host tissue by the fungus could be found. It may be 
concluded from these experiments that exposure of wheat seedlings to a tem¬ 
perature of 30° C for the first five days of growth does not produce any 
change which seriously impairs their normal capacity for supporting mildew 



Fig. 1. Time required for development of mildew infection on wheat plants at different 
temperatures. 


(table 2). In another experiment, plants were }?rown at 20° 0 until the first 
leaf was expanded. Then the plants were inoculated. Half the pots were kept 
at that temperature, while the remainder were removed to a thirty-degree 
chamber. Each morning and evening (8; 30 a.ra. and 6:30 p.m.) thereafter, 
two pots from each set were exchanged—i.e., two from the lower temperature 
were removed to the thirty-degree chamber and vice versa. The results are 
presented in table 2. 

Two-and-one-half days after inoculation the plants continuously at the 
lower temperature from the start had minute patches of mycelium on them 
and one-and-one-half days later numerous conidiophores. Plants left at 20° C 
less than forty-eight hours before transference to 30° C showed no macro¬ 
scopic signs of infection after four to five-and-one-half days at the higher 




382 


BULLETIN OP THE TORREY C5LUB 


[VOL. 70 


TABLE 2. Effect of transferring plants grown at moderate and high temperatures 
to high and moderate temperatures, respectively, at regular intervals after inoculation 


Bays at 
20® C 
after 
inocu¬ 
lation 
0.0 
0.5 
1.0 
1.6 
2.0 
2.5 
3.0 


Development of mildew on plants grown at 20® C and transferred to 
30® C at regular intervals after inoculation 


No macroscopic signs of mildew on any of these plants after 5.5 days 

it << a n it it it it it it QQ a 


ti it it it it it it it 

it it it it ii ana 

Small white tufts of myeelia present after 

it a it it ti it a 


i i 
i { 


and a few conidia after 


4.6 

4.0 

3.5 
3.0 

2.5 


Days at 
30® 0 
after 
inocu¬ 
lation 
. 0.0 
0.5 
1.0 

3.5 
2.0 

2.5 ' 
3.0 


Development of mildew on plants grown at 30® C and transferred to 
20® C at regular intervals after inoculation' 


Few small mycelial patches present after 2.5 days, conidia after 3.5 days 

it ti 'it it it it 2.5 * ^ ** ^ ^ ^ * ** 

** ‘ ‘ ^ ^ ‘ 3.0 ‘ ^ , few conidia after 5.0 days 

No mildew development macroseopieally apparent after 5.0 days 

it it it it it it ^ Q ii 

Hit a ti it a ^^0 t i 

it it it it a it g Q i t 


temperature. Those transferred after forty-eight or sixty hours had only 
minute white flecks after an additional eighty-four or seventy-two hours, 
respectively, at the higher temperature. These plants were then returned to 
the lower temperature, but no further development of the mildew occurred. 
Microscopic examination showed the hyphae to be shrunken and shriveled. 
Plants removed from 30° to 20° C twelve hours after inoculation developed 
mycelial patches on their leaves two and a half days later or three days after 
inoculation. These plants never became so heavily infected as those at a fa¬ 
vorable temperature from the start. Evidently a few spores and germ tubes 
were capable of withstanding the high temperature for several hours and 
when they were placed in favorable conditions they established mfection. 
Similarly, plants at 30° C for twenty-four hours after inoculation showed 
sparse myeelia three days later, or four days after inoculation. A few conidia 
appeared six days after inoculation. From these results it seems safe to con¬ 
clude that the harmful effect of high temperatures is primarily a direct one 
on the fungus and that the host plant is not directly involved. 

Figure 2 indicates the effect of temperature upon the germination of 
conidia in tap water. A net micrometer was used for counting, and only 
spores within a given area in the center of eacK drop were counted. This pre¬ 
caution reduced the error which might have arisen, from differential ex¬ 
posure of spores in different regions of the drop, if all spores in a given drop 
had been counted. The controls indicated that about 1.5 per cent of the spores 
in a drop might already have germinated at the time of mounting the prepa- 
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Fig. 2. Influence of temperature upon germination of powdery mildew spores after 
24 hours in tap water. Pio. 3. Influence of temperature upon growth of the germ tube 
of powdery mildew conidia in tap water 48 hours. 


ration. Therefore germination percentages below this figure,—i.e., 35° C— 
represent no germination at all. A comparison of figures 1 and 2 shows that 
infection does not occur over as wide a range as germination. This is due to 
failure of the parasite to penetrate into the host tissue at temperatures over 
25° C. 
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The hanging drop method of investigating spore germination has been 
subjected to adverse criticism by Duggar (1901), Doran (1922), and McCal- 
lan and Wilcoxon (1932). However, since large numbers of spores distributed 
in many drops were used and since the figures obtained were easily repro¬ 
duced in later experiments under similar conditions, it seems reasonable to 
consider the data that are plotted in figure 2 reliable. 

Perhaps, as Brown (1922) has suggested, a more accurate measure of 
the early growth and development of a fungus is obtained from the average 
length of the germ tubes than from the percentage of germination. Figure 3, 
in which the average germ-tube length in microns after 48 hours is plotted 
against the temperature is intended to show the relation of temperature to 
the early growth of Erysiphe as indicated by this criterion^ Spores were 
mounted in hanging drops of tap water and measurements were made forty- 
eight hours after mounting. After longer periods of time it was impossible 
to measure accurately the specimens at 15°, 20°, and 25° C. Mycelia of 
Erysiphe graminw regularly penetrate a susceptible wheat leaf in twenty- 
four to seventy-two hours depending on the temperature. These data show 
that by this criterion also the optimum temperature is 20° C and that as the 
temperature differed from that value the mildew growth decreased. The de¬ 
crease in growth was, however, far more abrupt above 20° C than below 
that point. The data plotted in figures 2 and 3 are essentially alike in that 
development drops oflE more abruptly above the optimum than below it. The 
germination curve, however, indicates a wider optimum range than the one 
for early growth of the fungus. 

SUMMARY 

A study was made of the effect of temperature upon the infection of wheat 
{Triticnm vulgare) by the powdery mildew, Erysiphe graminis tritici. Under 
the conditions of the experiments (12 hours of illumination daily from a 1000 
watt Mazda lamp and high relative humidity) infection occurred from -2° 
to 25° C. The optimum temperature for infection was 20° C. No macro- 
scopically visible signs of infection were observed above 25° C. 

Spores of the fungus suspended in tap water germinated readily from 
- 2° to 30° C. The optimum temperature for the germination of spores and 
for growth of the young germ tubes was 20° C. 

Failure of wheat plants to become infected at 30° C was due to inability 
of the young fungus mycelium to tolerate the high temperature. 

University op California College op Pharmacy 
San Francisco, California 
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NOTES ON PLANTS OF THE PACIFIC ISLANDS—III^ 

P. R. POSBERG 

In this paper are presented taxonomic, nomenclatnral, and distributional 
notes on plants from the Hawaiian Islands, the New Hebrides, and Christ¬ 
mas Island. New species, varieties, combinations, or names are proposed in 
Anectochilus, Gouldia, Timonkm, Coprosma, and Duhautia, with general 
notes on Nephrolepis, Adiantum, Lygodium, Azolla, Cyperus, Portulaca, 
Spergularm, Leucaena^ Phaseolus, Ahutilon, Hibiscm^ Maiachra, Mau- 
randya, RiielUa, Oouldia, Coprosmay Borreria, Richardixiy ElephaniopuSy 
Pseudelephantopus, Ageratum, and Solidago. Herbarium abbreviations are 
BISH for Bishop Museum, P for Pield Museum, A for Arnold Arboretum, 
D for Otto Degrener private herbarium, HARV for Harvard Botanical Mu¬ 
seum, ITS for U. S. National Herbarium, and HSNA for IT. S. National 
Arboretum. 


POLYPODIACEAE 

Nephrolepis biserrata (Sw.) Schott. This is the fourth species of this 
genus to be found in the Hawaiian Islands. It was found growing on Oahu, 
probably indigenous, in a small pit in coral limestone on the Ewa Coral 
Plain, Jan. 12,1936, Fosberg 128(^6 (BISH) (det. R. C. Benedict). 

Nephrolepis biserrata var. purcans Hort. This remarkably stable hor¬ 
ticultural variety has become established and forms a considerable colony 
around the abandoned settlement at the mouth of Wailau Valiev, Molokai, 
Dec. 28,1936, Fosberg 13453 (BISH) (det. R. C. Benedict). 

Nephrolepis cordifolia (L.) Presl. Although this species has been com¬ 
monly regarded by previous writers as introduced in the Hawaiian Islands, 
its frequent occurrence as a part of the undisturbed cloud forests of the 
mountain ranges, and its absence from the lowlands indicate that it is in all 
probability native. This fern was reported from the Hawaiian Islands by 
Edward Bailey in Hawaiian Ferns, 48 (1882). The following collections 
(except Topping 3808) were kindly determined by R. C. Benedict. Lanai : 
Lanaihale ridge, Fosberg 12437 (BISH). Molokai: top of cliif at head of 
Wailau Valley, Fosberg 13368 (BISH). Oahu : Koolau Mts.: top of cliffs 
at head of Haiku Valley, Heeia, Fosberg 13870 (BISH); peak at head of 
Waiawa trail, Fosbtrg & Hosaka 13912 (BISH); main divide between 
Waikane Valley and Waikakalaua Gulch, Fosberg & Hosaka 13928 (BISH); 
main divide near top of Castle Trail, Kaipapau, Fosberg & Hosaka 13954 
(BISH); crest of mountains above Kaipapau Gulch, Fosberg & Egler 14227 
(BISH); Laie Trail, Kakawainui-Ihiihi ridge, Laie, Fosberg 14235^, (BISH, 
U8 NA); MaukaLaie, Gold Brick Hill, Topping 3808 (USNA). 

1 See Bull. Torrey Club 66: 607-614. 1938; 67: 417-425. 1940. 

386 





1943] 


POSBEBG: PLANTS OF PACIFIC 


387 


KEY TO HAWAIIAN SPECIES OF NEPHROLEPIS 

A. Pinnules linear-lanceolate, attenuate toward apex, frond flat. 

B. Bhachis densely tawny or rusty woolly N. hirsutula (Forst.) Presl 

(on the basis of Begener, Flora Hawaiiensis 17: NH, 9/9/*38 and of 

Topping 2705 (USNA)) 

BB. Bhachis not densely woolly, somewhat scaly or scurfy. 

N, hiserrata (Sw.) Schott 

(form with apices of pinnules forked is var. furcans Hort.) 

A A. Pinnules oblong or oblong-lanceolate, acute to rounded at apex. 

C. Frond flat, narrow, 5 cm. or less wide, glossy above, pinnules oblong, 

rhachis densely covered with red-brown scales, stolons often tuberifer- 

ous AT. cordifolia (L.) Presl 

(XI Frond trough-shaped, usually broader, rhachis thinly tawny scaly, 

stolons not tuberiferous . . AT, exaltata (L.) Schott 

Adiantum cpneatum Laiip:s(i. & Fiseh. Some of the Hawaiian material 
commonly referred to Adianium capillus-veneris L., regarded as native in 
the islamts, is to be referred to the introduced A. enncatum, probably escajied 
from cultivation. Dr. W. II. Maxon informs me that a reliable key character 
for distinguishing the two is that in A. euneaium the veins of the sterile 
pinnules end in the sinuses between the teeth while in A. vapillus-veneris 
they end at the apices of the teeth. Completely fertile specimens are often diffi¬ 
cult to determine. 

Hawaiian Islands: Hawaii: Hills above Akaka Palls, Honomu, Dec. 
8,1933, Fosherg 10470 (BTSH, UHNA). Oahit: Carter Ranch, upper Manoa 
Valley, Honohilu, Sept. 26, 1932, Fosbcrg 8861 (DISH, USNA); Niu Val¬ 
ley, June 4, 1932, Toppinq 35S2 ((TSNA); Honolulu, cultivated, April 1, 
lf)33, Foaherg 9376 (BISH, USNA). 


S(UIIZAEA(’EAK 

Lygodium jAixiNicUM Sw. This climbing fern may be reported as semi- 
established around an old garden at Puueo, Hilo, Hawaii, Aug. 6, 1936, 
U. 0. Fosherg 34 (BISH). 

SALVINIAl’EAE 

Azolla piLKUTLOiDEs Lain. This floating water fern appeared in the taro 
patches and irrigation ditches of Oahu about 1934, and soon became ex¬ 
tremely abundant. H. L. Lyon has told me that in 1926 he introduced Azolla 
caroliniana into the islands at the recpiest of the mosquito abatement com¬ 
mittee. The latter plant evidently did not become established, though the one 
now common in the taro patches has been misidentified as that species. Ex¬ 
amination of fruiting specimens (Foshvrg 13833) of the plant now in the 
islands shows that it is A. filiculoides, which has, among other characters, 
non-septate glochidia or barbed hairs on the microspore masses, rather than 
septate ones as in A. carolipiana. 

Hawaiian Islands: Oahu: Honolulu, Waikiki, Fosherg 13815 (BISH); 
Honolulu, Manoa Valley, May 22, 1937, Fosherg 13833 (BISH, USNA). 

ORCTIIDACEAE 

Anectochilus apiculatus L. 0. Williams and F. 11. Posberg, sp. nov. 
Herba pallide viridis; flos pallide flavo-viridis, caleari extus non valde 
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geminato, mesochilo subtus laterale bidentato, anthero apiculato, mesochilo 
epichiloque quam in A. sandvicenso valde brevier. 

Pale green herb with succulent ascending or subdecumbent stems up to 
25 cm. long, 3-5 mm. thick, glabrous except the inflorescence, prostrate and 
rooting at nodes in lower portion.; leaves ovate to elliptic-ovate, 5-8 cm. long, 
2 .5-4 cm. wide, apex obtuse,to acutish, base rounded to subcordate, narrowed 
to a distinct membranous petiole 3-10 mm. long, expanded and inflated be¬ 
low into an amplexicaul sheath about 1 cm. long on the petiolar side, 4 mm. 
long on the reverse, lamina membranous; spike 5-10 cm. long on a peduncle 
3-5 cm. long, uppermost 1 or 2 leaves reduced to bracts; flowers somewhat 
loosely arranged, subtended by ovate scarious membranous bracts about 10 
mm. long, about as long as the ovary and enclosing it at base; flowers pale 
yellowish green, about 12-15 mm. long, ovary lance-ovoid, about 10 mm. 
long, 1.5-2 mm. thick near base, apex subacuminate, tending to be incurved, 
dorsal sepal ovate, 4.5 mm. long, blunt and slightly cucullate at apex, lateral 
sepals 6 mm. long (over all), obliquely oblong-orbicular, obtuse, with base 
obliquely cordate, greatly enlarged on lower side, this basal lobe subsaceate, 
margins entire, texture membranous; petals 4.5 mm. long, sublunate-ovate, 
bluntly subacuminate, membranous, margins erose; lip 7.5 mm. long, with 
a short pouch-like spur 2 mm. long, enclosed by the bases of the sepals, spur 
scarcely geminate externally, divided within into two cavities by a longi¬ 
tudinal septum, each cavity containing a suberecjt finger-shaped callosity, 
mesochile 5 mm. long, about 1.5 mm. wide but inrolled into a tube, with 2 
forward-pointing pairs of sub-fleshy teeth about two thirds the distance from 
base on lower side of the mesochile, distal pair 0.75 ram. long, lower pair 0.5 
mm. long, epichile obcordate, 4 mm. wide, 2.5 mm. long, sinus 1.5 mm. deep, 
lobes rounded; column 2.5 mm. long; anther ovate, 3 mm. long, somewhat 
apiculate, twisted slightly to one side, brown with whitish margins, cymbi- 
form; fruit fusiform, 1 cm. long, 3 mm. thick, green. 

Hawaiian Islands: Molokai: head of Wailau Valley, trail up Waiakea- 
kua-Waiokeela ridge, on steep ridge shaded in wet forest, alt. 750 m., Dec. 
27, 1936, Fosherg 13448 (HARV— type, USNA, BISH). 

This species may be distinguished from the commoner A, sandvicensis by 
its smaller, greenish rather than bright yellow flowers, lip with spur not con¬ 
spicuously geminate externally, with mesochile conspicuously shoi^er and 
with two pairs of subfleshy teeth on the lower side rather than many or no 
membranous ones, with epichile much shorter, and the anther apiculate 
rather than acute. 

A somewhat similar plant was found in wet woods in the mountains be¬ 
hind Hauula, Oahu, some years Rgo by Mr. H. Morley, but the specimen was 
unfortunately lost. 

caryophyllaceae , 

Spergularia marina (L.) Griseb. Spic. FL liummel, et Bith. 1: 213. 
1843. Arenaria rubra p marina L. Sp. PI. 423. 1753. Arenaria marina Al- 
lioni, P. Pedem. 2 : 114. 1785. Spergularia salina J. & C. Presl, PI. Cech. 95. 
1819. 

The correct name for the plant referred by me to Spergularia salina in a 
previous paper (Occ. Pap. Univ. Haw. 32 : 5. 1937) is S, marina, fur¬ 
ther synonymy and discussion see Rossbach, Rhodora 42 : 123-137 (1940). 
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MALVACEAE 

Malachra alceipolia Jacq. Collect. 2; 350. 1788; Ic. Rar. 3: pL 549, 
1786-1793. Malachra rotundifolia Schrank, PI. Rar, Hort. Mon. pi. 56. 
1819. 

A coarse, hispid herbaceous perennial 0.5-2 m. tall; stems with close stel¬ 
late pubescence as well as sparse long stiff hairs; leaves 7-10 cm. across, 
roundish in general outline, shallowly 5-lobed, palmately veined, subcordate, 
obtuse or acutish, irregularly serrate, somewhat pubescent on veins, petioles 
5-9 cm. long, closely stellate-pubescent; stipules filiform, about 15 mm. long, 
sparsely hirsute; flowers yellow, in compact axillary clusters on peduncles 
up to 15 mm. long, these densely stellate-pubescent, clusters surrounded by 
3^ broadly cordate bracts, these somewhat lobed, acute, sparsely hirsute, 
variegated; flowers few in a cluster, cal 3 ^x about 6 mm. long, tube white, 
striped with brown, lobes lanceolate, long-hirsute; corolla hairy 12-15 mm. 
long; stigmas irregular in shape, ovary 5-celled, ovules 1 in a cell; fruit sub- 
globose, splitting into 5 parts, these 3 mm. long, larger distally, puberulent, 
light brown with darker reddish-brown veins, splitting open along the lower 
two thirds of the inner angle; seeds dull sooty brown, same shape as carpel, 
free from carpel wall. 

Hawaiian Islands: Oahu: Kawailoa School, Waialua, Oct. 1936, A. 
Miyake (BISH, HSNA). 

Found growing in a vacant lot; a native of tropical America evidently" 
recently introduced into Hawaii. 

scbophulariaceae 

Maurandya erubescens (Don) Gra.v. The plant usually" called Mau- 
randya seandens in the Hawaiian Islands, an introduced vine wdth densely 
pubescent leaves, has been identified by Dr. F. W. Pennell as M. eruhescens, 
a native of Mexico. The true M. scandem is a glabrous plant. 

Hawaiian Islands: Hawaii: Volcano Road near Naalehu, alt. 200 m., 
Fosherg 10140 (BTSH, IJ8NA). Oahu: near H, 8. P. A. Arboretum, Carter 
Ranch, Manoa Valley, Fosbcrg 8859 (BISH, II8NA), Fosherg & Duker 8940 
(BISII). 

ACANTHACEAE 

Ruellia graectzans Backer, Brittonia 3: 85. 1938. This plant has been 
called li. amoena Nees and B. ventricosa Kuntil, but neither of these names 
is valid. It is a small herbaceous species with dark green ovate to lanceolate 
leaves and horizontal tubular red flowers. It has become rather common as 
a garden weed in various parts of Honolulu and has been said to occur on 
Maui, but the Maui report is not substantiated by a specimen. I am indebted 
to Mr. E. C. Leonard for calling my attention to Backer’s publication. 

Hawaiian Islands: Oahu: Honolulu, Fosherg 14222a (BISH). 

rttbiaceae 

Gouldu Gray. Since the publication of my revision of this Hawaiian 
genus (Bish. Mus. Bull. 147: 1-82. 1937) the following observations have 
accumulated, and a number of typographical errors have been detected, 
which are here listed with corrections. 
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p. 4—footnote—for 181 read 81 
p. 19—^line 23—for 77 read 80 
p. 20—^line 9—for 58 read 62 
lino 11—for 62 read 58 
line 46—for 58 read 61 
p. 21—line 2—for .82 read 97 
line 7—for 40 read 43 
p. 22—line 45—for 82 read 83 
line 49—for 81 read 82 
p. 43—line 17—for 12782 read 12781 

p. 25—in the synonymy of Gouldia terminalis insert Hedyotis ohamissoniana Steud. 
Norn. ed. 2, 1: 727, 1840. 

Gouldia on the island of Lanai : The recovery of the forests on the island 
of Lanai after almost complete destruction by introduced j^razkig animals 
(see Posberg, Mid-Pacific Mag, ApriKTune 1936 : 119-123. 1936) has, in all 
probability, resulted in a forest of considerably different floristie composition 
from that originally existing there. However, there is no way of demonstrat¬ 
ing this conclusively, as we know little about the original forest. 

During a visit to Lanai in 1935 I made rather extensive collections of 
Gouldia, making a particular search for the several varieties known from 
earlier collections. It was thought that a search especially for Gouldia should 
easily reveal all varieties which had turned up previously in more general 
collecting. 

Complete identification of the specimens collected on this trip has shown 
that some varieties are very rare, while one was not found at all. G. termh 
nalis var. pseudodichotoma was represented only by Fosberg 124 tl; G, ter¬ 
minalis var. lanai only by Fosberg 12579; G. terminalis var. subcordata by 
three collections, Fosberg 12599, 12412, and 12606, Fo,d)erg 12502 seems to 
be a hybrid, G, terminalis var. subcordata x var. pseudodichotoma, and 
Fosberg 12572 another, G, terminalis var. subcordata x var. bobeoides, G, 
terminalis var. bobeoides was not represented at all in the collection except¬ 
ing possibly as one parent of this latter hybrid and one mentioned below. 
The above collections all came from the gulches, in sheltered localities. 

The plants from the ridges and summits, w'here Gouldia was quite abun¬ 
dant, were, with the exception of one collection, all Gouldui st.-johnii var. 
munroi or hybrids between this and varieties of 0, terminalis. All collections 
of 0, st,-johnii var. munroi numbering fourteen, came from ridges and sum¬ 
mits, where some grew in much-exposed places. It is one of the really abun¬ 
dant plants in the scrub forest that is revegetating these ridges. Whether in 
the original forest this distribution was characteristic, or whether G, st,- 
johnii is a very aggressive pl$nt and especially able to colonize denuded 
areas is difficult to know. Unfortunately we have a very incomplete picture 
of the original forest covering of Lanai. It should be remembered that G, st.- 
johnii var. typica, of Oahu, is a plant of exposed ridges and summits. 

Of hybrids involving 0, st,-johnii var. munroi two were represented by 
one collection each and were found in gulches only. These were G, st.-johnii 
var. munroi x terminalis var. bobeoides (?), Fosberg 12495, and G, st,-johnii 
var. munroi x terminalis var. lanai, Fosberg 12584, G, st.-johnii var. munroi 
X terminalis var. pseudodichotoma is represented by four collections, nos. 
12398,12373,12484, and 12594. The first three were on ridges, the last in a 
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prulch bottom. (?. st,-johnii var. munroi x terminalis var. snbcordata is repre¬ 
sented by Fosberg 12477 and 12482, both from ridjres. 

A set of all the above collections is deposited in the Bishop Museum. 

One collection, from a rather dry ridge, proves to be the following previ¬ 
ously described form of G. terminalis var. ovata: 

Gouldia terminalis var. ovata f . obovata Fosberg, f. nov. Arbor glabra, 
ramulis angulatis; folia obovata coriacea; thyrsus hemisphaericus, peduncu- 
lis suberosis. 

Tree up to 3 m. tall, branchlets strongly angled, internodes 0.5-2 cm. 
long, mostly about 1 cm., branches appearing dichotomous through the death 
of terminal inflorescences and development of a pair of branches from the 
basal node; leaves obovate, up to 6 cm. long and 3 cm. wide, coriaceous, apex 
obtuse to rounded, base strongly and abruptly contracted, obtuse to rounded, 
margin revolute, petiole up to 1 cm. long, about 1 mm. thick; stipules strongly 
carinate; thyrse hemisperical, up to 4 cm. long and 3 cm. wide, peduncle 
corky in fruit; flowers not known ; fruit less fleshy than usual in this genus. 

Hawaiian Islands: Lanai : ridge below Pun Aalii, between Maunalei 
and Hauula drainages, rather drv forest, alt. 800 m., Nov. 30, 1935, Fosberg 
12472 (IJSNA— TYPE, BLSH). 

Differs from f. enovata in the smaller, plane, broadly obovate leaves, 
rounded or obtuse at both ends. This form extends the distribution of var. 
ovata to Lanai, where it seems logical that it should be found. 

(lOULDiA TERMINALIS var. OVATA f. SANTALiFOLiA Fosborg. Material col¬ 
lected by Dcgener, no. i2522b (D, USNA), from southeast ridge of lao Val¬ 
ley, west Maxti, Hawaiian Islands, gix^es this form a somewhat broader dis¬ 
tribution than known formerly. Heretofore, on Maui it has only been found 
in Olowalu Valley. The leaves of this collection are somewhat broader than is 
usual in this form, and not folded. 

Degener’s no. 12522 contained two sheets of f. santalifolia, several sheets 
of 6r, terminalis var. eordaia f. evcordata, and a considerable number of 
sheets of a form that seems to be a hybrid between them. The latter is so 
distinctive in appearance that, had not the two presumed parents been 
present, I should probably have described it as a new form of var. ovata. 
It is glabrous, with angled long branchlets as in var. cordata, oblong to 
elliptic leaves and small spherical thyrses as in f. santaJifolia, these appear¬ 
ing very compact. The node at the base of the thyrse, in many specimens, 
gives rise to two leafy branches, a character not common in the parents but 
suggesting var. psendodkhotoma of Lanai. 

Gottldia terminalis var. parvula f. impressa Fosberg, f. nov. Arbor, 
ramulis non valde condensatis; folia oblonga vel obovata, obtusa, subtus 
pilosa. 

Tree 15 feet tall, trunk 8 inches thick, branchlets strongly hirtellous, not 
strongly reduced, internodes 5-10 mm. long even in terminal portions; leaves 
oblong to obovate, up to 3.5 (rarely 5) cm. long, 2 (rarely 2.5) cm. wide, 
usually about half that size, obtuse or rounded at both ends, blade conspicu¬ 
ously pilose beneath, veins strongly impressed above, petiole 2-5 mm. long, 
glabrous. 
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Hawaiian Islands : Maui (east): Paliku, Haleakala, Aug. 5, 1939, 
Degener 12521 (D— type). 

This form seems intermediate between f. euparvifoUa and f. sulpilosa, 
having the abundant pubescence and smaller leaves of the former, and the 
open habit of the latter, and differs from both in having both the apex and 
base of the leaves obtuse or rbunded. 

Gouldia terminalis var. pubescens x var. parvifolia f . impressa. Like f. 
impressa but branchlets pubescent, internodes more elongate, leaves larger, 
more pubescent beneath. 

Hawaiian Islands: Maui (east): Paliku, Haleakala, Degener 12526 (D, 
USNA). 

This is probably the correct disposition of this collection. ^The petioles 
are a trifle long for either parent. Perhaps a form of var. (xvata may be in¬ 
volved, but none is known from this vicinity. Satisfactory disposal of the 
Gouldias from Maui awaits an opportunity for a careful field survey and 
extensive collecting. 

Gouldia terminalis var. kapuaensis f. violctae Posberg, f. nov. Ramuli 
rigidi teretes, minute hirtelJi; folia oblanceolata vel anguste elliptica, obtusa 
vel acuta, coriacea, subtus hirtella; thyrsus hirtellus; hypanthium hirtellum. 

Shrub 1.5 m. tall, branchlets stiff almost to the tips, terete, minutely 
hirtellous; leaves oblanceolate to narrowly elliptical, up to 10 cm. long, 3 cm. 
wide, apex obtuse to subacute, coriaceous, hirtellous beneath, especially on 
the midrib, margin closely revolute, petiole up to 14 mm. long, about 1 mm. 
thick; thyrse about 2 cm. long, hirtellous; hypanthium somewhat hirtellous. 

Hawaiian Islands: Hawaii: Kau, between west and east arms of the 
1907 flow, on dry lava, Aug. 10,1936, V. 0. Fosherg 49 (BISH— ^typb). 

Much like f. pitfosporoides but very hairy and differing somewhat in leaf 
shape and slightly longer petiole. Named for the collector, Violet 0. Posberg. 

Gouldia terminalis var. macrocarpa f. cuneata Posberg. Degener/s 
collection cited below contains material with relatively large, somewhat 
obovate leaves 5-7 cm. long and 2.5-3.5 cm. wide, with the midribs hirtellous 
beneath, and also specimens with small oblong, somewhat revolute leaves, 
not so hirtellous, 3-4 cm. long, 1.5-2 cm. wide. These could scarcely have 
come from the same tree. The larger-leafed specimen corresponds well with 
f. cuneata, though the leaf bases are scarcely cuneate. This is a marked ex¬ 
tension of the range of this form, known previously only from the plateau 
and western slope of the mountain of Kauai. 

The small-leafed portion of this collection might be placed in f. sclero- 
phylla, though the leaves are too thin and mostly too pubescent. It seems 
more likely, because of the restricted known distribution of f. sclerophylla 
and the discrepancies in leaf thickness and pubescence, that it is a hybrid 
between var. macrocarpa f. cuneata and var. osteocarpa, which latter is 
known to be widespread at low elevations on Kauai. The small-leafed plant is 
in flower while the large-leafed one has fruits which are enlarged because of 
insect attack. 

Hawaiian Islands: Kauai : Kalualea, Koloa, alt. 1500 ft., Degener <& 
Ordonez 12645a (large-leafed) and 12645b (small-leafed) (D, USNA). 
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Gouldia HiLLEBRANDii var. NODOSA Fosber^. Two Dep:ener specimens, 
collected near Mt. Eke, Maui, Hawaiian Islands, July 2, 1927, have the 
thyrses glabrous or almost so and seem in almost every other respect to fit 
var. nodosa rather than var. typica. One of them has the budding thyrses 
below the leaves, the other is in fruit. With the exception of the position of 
the inflorescences, a rather weak character, they match var. nodosa and may 
be regarded as extending the range of this variety to Maui. 

Timonius kajewskii (Guill.) Fosberg, comb. nov. Gicettarda kajewskii 
Guillaumin, Jour. Arnold Arb. 13: 6.1932. 

This species, described from flowering material from the New Hebrides, 
Aneityum, Kajewski 724 (A —type, US), w^as known to its author in flower 
only. Another specimen, Kajewski 826 (A, US), collected at the same local* 
ity, referred to Guettarda sp. by Guillaumin, is vegetatively identical, but 
bears peduncles with single fruits subtended by 2 vestigial bracts. The purple 
fruits are cylindrical, somewhat compressed, and with the apex prolonged to 
a point. They have the 12 cells sclerified, arranged in two parallel rows and 
fused into a ribbed stone. There seems little doubt that this plant is a fruit¬ 
ing specimen of Guillaumin’s species, and that it should be referred to the 
genus Timonius, where its nearest relative is T, smithii Fosberg of Fiji (see 
Fosberg, Sargentia 1: 121. 1942). 

CoPROSMA Forst. 

Oliver’s key (Bish. Mus. Bui. 132: 28. 1935) separates C, elliptica from 
the r. ynonfaiia group by the following contrast of characters: 

Leaves with few secondary nerves, under 20 mm. long C, elliptica. 

Leaves penninerved; over 20 mm. long Group of C, montana. 

Although this wull correctly separate the majority of specimens, my col¬ 
lections of C. montana var. crassa, nos. 99i0 and 9977 (BISH), both from 
the upper part of Haleakala, Maui, Hawaiian Islands, and even a collec¬ 
tion of C. oehracea var. typiva, no. 10036 (BISH, USNA) from Puu Kukui, 
Maui, have such small leaves and few nerves that they would go into C. ellip- 
tim, wdiich they do not resemble. The following supplementary key will sepa¬ 
rate these small-leafed forms: 

Ultimate branchlets 1-1.5 mm. thick C. elliptica. 

Ultimate branchlets 2 mm. or more thick, stiff. 

Pubescence short, inconspicuous C. montana var. crasHa. 

Pubescence hirsute, dense C. oehracea var. typica, 

CoPRosMA ELLIPTICA Oliver. A collection made in Alakai Swamp, Kauai, 
Hawaiian Islands, Fosberg 12764 (BISH, USNA) has the pubescence much 
more sparse than, according to Oliver’s description, the species ordinarily 
shows. 

CoPROSMA PUBENS var. TYPICA Oliver. This variety seems to be much 
more variable than Oliver’s discussion (Bish. Mus. Bui. 128: 171. 1935) 
would indicate. Of a series of collections from the Haiku Uka Trail, Makawao 
Dist., Maui, Fosberg 9847 (BISH, USNA) has leaves with blades 35-~60 mm. 
long, fruiting peduncles up to 20 mm. long, bearing either 1 or 3 clusters 
of orange colored fruits; Fosberg 9881 (BISH, USNA) has even smaller 
leaves, and peduncles tending to be slightly compound, fruits globose, 5-6 
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mm. across, orange; Fosberg 9851 (BISH, USNA) has peduncles up to 30 
mm. long, rarely compound, when simple having an articulation part way 
up bearing a small stipular sheath. 

OOPROSMA LONGiFOLiA Gray var. longifolia (Gray) Fosberg, nom. nov. 
Coprosma longifolia Gray, Proc. Am. Acad. 4 : 48. 1860. 

This is the typical element of the species as described by Gray and re¬ 
stricted by Oliver (Bish. Mus. Bull. IM: 177-179. 1935), It is common in 
the wetter regions of both mountain ranges on Oahu. 

Coprosma longifolia Gray var. oppositifolia Fosberg, var. nov. Folia 
opposita, flos staminatus tubo corollae exserto lobis subaequalis 2-3 mm. 
longis, antheribus 4 mm. longis. 

Leaves opposite, elliptic-lanceolate; stipular sheath 3-5 mm. long, ap- 
pressed-hirtellous near base, with lobes 2-4 mm. long, somewhat acuminate, 
ciliate, glandular-denticulate; peduncle of staminate inflorescence 3-5 mm. 
long, bracts elliptic or ovate, corolla of staminate flowers funnelform, tube 
definitely exserted, strongly contracted below the expanded throat, tube plus 
throat 5-6 mm. long, lobes 6, subequal, 2-3 mm. long, bluntly lanceolate; 
anthers 6-8, linear-oblong, apiculate, lobed at base, 4 mm. long; pistillate 
flowers and fruit unavailable. 

Hawaiian Islands: Oahu: Waianae Mts., Makaha-Waianae Kai, Pun 
Kawiwi-Puu Kaala ridge, in wet forest, alt. 1150 m., March 31,1935, Fosberg 
10855 (USNA— TYPE, Bish, A, F). 

This variety differs most conspicuously from var. longifolia in its opposite 
leaves, definitely exserted corolla tube, much longer corolla throat and 
shorter peduncle and stipular sheath. From the other opposite leafed mem¬ 
ber of this group, C, moloJcaismis St. John, this variety differs in its longer 
peduncles, the equally 6-lobed, rather than bilabiate, corollas, and shorter 
anthers. The slightly hirtellons stipules suggest a possibility of hybridization 
between C, longifolia and C. ochracea var. kaalae^ recalling Oliver’s sugges¬ 
tion (Bish. Mus. Bull. 132: 175. 1935) for C. molokaiensis. The evidence at 
hand does not justify a suggestion of such an origin for this variety, but the 
presence of the two possible parents in the vicinity of the type locality gives 
reason to look into the matter at some future time. 

Borreria leavis (Lam.) Griseb. This weed, which is now‘widespread 
in the tropical Pacific, is becoming common in the Hawaiian Islands. It is a 
low plant with pectinate stipules and terminal and axillary densely capitate 
verticels of small white or pinkish flowers. The fruits are 2-celled capsules, 
both cells of which are ventrally and apically dehiscent, leaving a sub-per¬ 
sistent septum. In each cell is a single oblong, brown, transversely rugulose 
seed. 

Hawaiian Islands: Oahu: Maunawili,. Kailua, Fosberg, Storey, & 
Oliveira 10772 (BISH, USNA)j .Woodlawn, Manoa, Honolulu, Fosberg 
14111 USNA); Manoa Valley, Honolulu, Fosberg 10587 (BISH); 

University Campus, Manoa, Honolulu, Fosberg 10528 (BISH, USNA). 

Richardia brasiliensis (Moq.) Gomez. The plant common in the 
Hawaiian Islands which is usually referred to Richardia scabra L. or Rich- 
ardsonia scabra (L.) St. Hil, really belongs to R, brasiliensis. This species 
was mentioned as occurring in the Hawaiian Islands by Schumann (in 
Bngler & Prantl, Die Nat. Pflanzenf. IV, 4 ; 139. 1891). Examination of 



3943] 


FOSBERG: PLANTS OF PACIFIC 


395 


fruits of the common Hawaiian weed shows that the nutlets have the ventral 
face excavated and the greneral outline heart-shaped. B, scabra has cylindri¬ 
cal fruits with an almost closed ventral jrroove. 

Hawaiian Islands: Kauai : Milolii Ridge, Waimea, alt. 2000 ft., John, 
Fosherg & Oliveira 1S739 (BISH, IISNA). 

COMPOSITAE 

Elephantopi^s mollis HBK. According to Dr. S. F. Blake, the plant 
from Kauai referred to E. fomentosns in my paper of 1937 (Occ. Pap. IJniv. 
Haw. 32: 9, 1937) really belongs to E, mollis, a native of tropical America 
that is widespread in tropical regions as a weed. 

PsEUDELEPiiANTOPUs SPicATUs (Juss.) Rohr. The plant called in the 
same paper Elephantopus spieatiis Juss. is, according to Dr. Blake, better 
regarded as belonging to the genus Paeudclephaniopua, distinguished by the 
spicate arrangement of the heads and the peculiarly curved, rather than 
straight, lateral pappus awns. 

Ageratum houstonianum Mill, This garden plant was twice collected 
growing spontaneously near Honolulu. It may be distinguished from the 
common A. conyzoides L. by its larger heads and lance-linear, densely hairy, 
rather than oblong, sparingly hairy or glabrous involucral bracts. 

Hawaiian Islands*. Oahu ; Nuuanu Valley, June 6, 1937, Fosherg 14004 
(BISH); Manoa Valley, Woodlawn, May 22, 1937, Fosherg 13835 (BISH); 
Honolulu, cultivated, Fosherg 9368 (BISH). 

Solidaqo altissima L. The golden-rod which has escaped from gardens 
in Nuuanu and Manoa Valleys, Honolulu, has been identified by Dr. S. F. 
Blake as this species, 

Hawaiian Islands: Oaiiu: Honolulu, Nuuanu Valley, Dowsett Tract, 
Oct. 10, 1936, Fosherg 13294 (BISH, HSNA). 

Dubautia sherffiana Fosberg, sp. nov. Frutex ad 0.5 m. altus; foliis 
alternis, elliptico-lanceolatis; paniculis corymbosis congestis glandulo-pubes- 
centibus; capitulis 6-7 mm. altis, floribus 3-4 exsertis 5-meris, achenis sub- 
glabris prismaticis 2.5-3 mm. longis valde costatis, ad basin angustatis. 

Shrub 0.5 m. tall, branchlets cyliiidric, gray, hispidulous, wdth alternate 
leaves 4 mm. or less ^part, persistent only in the upper 10 cm. of the branch- 
let; leaves elliptic-lanceolate, 6-7 cm. long, 1-1.5 cm. wide, acute at apex 
and base, coriaceous, subsessile, appearing glabrous but minutely scabrous 
on margins, slightly so on under surface, W.omiiig hispidulous toward base, 
margins somewhat revolute, remotely serrulate in distal half, at broadest 
part obscurely 11-nervcd, nerves occasionally anastomosing to form an ir¬ 
regular and incomplete longitudinal reticulation, the petioliform base ap- 
pressed to stem for about 2 mm.; inflorescence a crowded terminal corymbose 
panicle rounded or flattish on top, densely spreading-pubescent and wdth 
sparse short gland-tipped hairs, the rhachis up to 5 cm. long, terminating 
in perfect specimens in a reduced head, or this lacking, panicle branches up 
to 6~7 cm. long, scattered on the rhachis, subtended by leafy bracts similar 
to the leaves but greatly reduced, secondary branches subtended by still 
smaller bracts, on these branches the sessile heads glomerate at the apices, 
with a few scattered ones further down or with several very small branches 
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ending in small glomerules, each head closely subtended by a small densely 
ciliate somewhat ventricose bract; glomerules mostly with 3-6 heads, these 
6-7 mm, high, about 2-3 mm. wide above, with 3-4 strongly exserted florets; 
involucre of 3-4 coherent or slightly connate bracts, narrowly cylindric- 
campanulate, 3-4 mm. high, 1-1.5 mm. thick at apex, often splitting with the 
development of the achenes, externally glandular, the free tips densely 
ciliate, involucral bracts cuneate, the low triangular free portion usually 
with 1 or 2 small lateral teeth; corolla apparently yellowish-white, 6-lobed, 
tube about 1-1.2 mm. long, throat abruptly enlarged and campanulate near 
middle, about 1.7-2 mm. long, lobes ovate, strongly recurved, at least in age, 
1-1.3 mm. long; anther tube straw-colored, about 1.3 mm. long, partly or 
completely exserted, the terminal appendages ovate; achenes prismatic, 2.5-3 
mm. long, 0.5-0.6 mm. thick at apex, tapering to base, about 8-ribbed (some 
ribs very prominent, others less so, sometimes 1 or 2 obscure), dark gray, 
very sparsely pilosulose toward apex, surface slightly roughened; pappus 
of a single series of about 25 plumose aristae 2.5-3 mm. long, united at ex¬ 
treme base, brownish-white. 

Hawaiian Islands*. Oahu : Waianae Mts., brushy ridge east of 2nd gulch 
east of Kaupakuhale, Mokuleia, Oct. 23, 1932, 8t, John & Fosherg 12161 
(USNA— type). ‘^Great Crater, Hawaii,’’ V, S, Exploring Expedition (US) 
(part, vide infra). 

Named for Dr. E. E. Sherff of Chicago, monographer of Dnbautia and 
Bailliardia, 

This species is so abundantly distinct that it is difficult to relate it to any 
particular known species. It belongs with the group called by Gray, and later 
by Sherff, section Nervosae of the genus Bailliardia, which genus has been 
reduced to Dubauiiahj Keck (Occ. Pap. Bish. Mus. 11: (19): 24-28. 1936). 
In Sherff’s treatment of Bailliardia (Bish. Mus. Bull. 135: 106-136. 1935) 
I), sherffiana keys nearest B, lonckophylla Slierff [Dnhautia lonchophylla 
(Sherff) Keck], which it does not resemble, or to B, reticulata Sherff [Du- 
iautia reticulata (Sherff) Keck], but differs from the latter in having alter¬ 
nate subglabrous leaves, instead of opposite white-hispid ones, sessile, much 
shorter, fewer-flowered heads, practically glabrous instead of white-hispid 
achenes, and other less important characters. D. reticulata is known only from 
Maui. 

Sherff credits only two species of Bailliardia to Oahu— B. scabra [Du- 
bautia scabra] of which I can find no citation of a specimen and B. linearis 
|Z>. linearis] of which one U. S. Exploring Expedition collection from Kaala 
is cited. Of these, D, linearis comes closest to D, sherffiana but differs in hav¬ 
ing its leaves narrower, only.3- to 5-nerved, and teriiate instead of alternate; 
heads usually pedicellate instead of sessile, with 4-8 florets instead of 3-4 
and pubescent involucres. Although Sherff says that the florets of B, linearis 
are included, examination of all of the material in the U. S. National Her¬ 
barium shows that, they become quite well exserted when reasonably mature. 
In small size the heads of Z>. sherffiana are approached only by those of D, 
linearis, and this may probably be its closest relative, though this is by no 
means a final decision. I have not seen the Oahu specimens of D. linearis cited 
by .Sherff, but assume that they are correctly placed. On one sheet of the 
U. S. Exploring Expedition material (US) said to be from “Great Crater, 
Hawaii” are 2 twigs. One is typical Z>. linearis, while the other has alternate, 
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much larger, 7-nerved lanceolate leaves, and mostly sessile, only slightly 
puberulent involucres. It undoubtedly belongs in D. sherfficma, and may 
well have come from Oahu, as the localities on the IJ. S. Exploring Expedi¬ 
tion specimens were often woefully confused. 

CHRISTMAS ISLAND 

A number of species may be added to the known flora of Christmas Island 
on the basis of my collections made there in August 1936. The following are 
not in Christophersen’s annotated list (Bish. Mus. Bull. 44 : 22-27, 1927). 
All except Ahutilon indwum and possibly Portulaca foxbergii appear to be 
introduced. 

Cypertis ROTUNDtTg L. A Small colony in the village, London, Fosherg 
13283 (BLSH). 

Portulaca posbergii Von Poelln. Paris, Fosberg 13269 (BISH, TJSNA) 
(det. H. St. John). This species seems intermediate between P. oleracea L. 
and P. lutea Sol. Further study of living material is needed to determine 
its position in relation to these two species. 

Leucaena qlauoa (L.) Beiith. London, Fosherg 12171,13249 (BISH). 

PiiASEOLUs lathyroides L. Paris, Fosberg 13269 (BISH, USNA). 

AbutilOn indicum Sweet. This shrub forms a conspicuous part of the 
vegetation near Four Brothers, Fosberg 13215 (BISH, USNA). The species 
has previously been reported only from Jarvis and Baker Islands in the 
central Pacific. It is common in tropical Asia. 

HibiscusT iLiAOEus Tj. Paris, Fosberg 13267 (BISH). Probably jdanted. 

Falls Church, Virginia 
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ANOTHER DRIPTLESS AREA ENDEMIC 

Norman C. Passett 

CoMMELiNA ERECTA L. var. Greenei Passett, var. nov., foliis 10-15 cm. 
longis 6-8 mm. latis; spatheis maturis 1.5-2.7 cm. longis basi longe albido- 
villosis. Wisconsin: on sand derived from crumbling sandstone, Cactus 
Bluff, 5 miles southwest of Sauk City, Sauk County, August 27, 1940, J, T. 
Curtis H. C, Greene (type in Herb. Univ. of Wisconsin); same station, 
July 7, 1941, A. H, Skinners 3993; same station, September 28, 1942, N, C, 
Fassett & H, C. Greene 22056, 

This Driftless Area endemic (see Passett, Rhodora 33: 227, 228. 1931) 
has the size and proportions of var. Deamiana (Pernald, Rhodora 42: 435- 
441. 1940) but differs in having long jointed white hairs on the spathe. 
Thus it bears the same morphological relation to var. Deamiana that f. 
iniercursa Pernald does to var. typica, and that f. crispa (Wooton) Pernald 
does to var. angustifolia (Michx.) Pernald. It may, therefore, seem illogical 
to treat it as a variety when its counterparts are treated (and rightly) as 
forms. The reason is that while f. iniercursa occurs as a sporadic variation 
throughout the range of var. typica, and f. crispa in like manner throughout 
the range of var. angustifolia, var. Greenei occupies a different area from 
that occupied by var. Deamiana. The latter occurs primarily in a limited 
range in northern Indiana' and northern Illinois, and has spathes always 
lacking white hairs more than 1 mm. long, as is evidenced by Pernald ^s state¬ 
ment based on his examination of the 16 collections cited by him, and corro¬ 
borated by my own examination of the 16 sheets of this variety in the Deam 
Herbarium and the 6 in the Herbarium of the University of Wisconsin. That 
the plant of Cactus Bluff, isolated by some 200 miles from var. Deamiana, 
consistently has white-villous spathes is indicated by study of the 3 collec¬ 
tions cited above; the last consists of 8 fruiting tops (all that could be 
found) collected for the purpose of studying the colony as a whole rather 
than a few individuals taken at random. 

Var. Greenei occurs in very small numbers; Dr. Greene and I were able 
to find only 8 individuals. Such occurrence of rarities in extremely small 
numbers is quite characteristic of this part of Sauk County, which lies just 
within the Driftless Area. Only a few rods from the Commelina, on the 
steep ffifce of Cactus Bluff, are a few individuals of Pellaea atropurpurea, 
known elsewhere in Wisconsin from two other bluffs, one a mile away and 

1 Mr. Deam has kindly loaned me his material of this group; the C, anpustifolia of 
his Flora of Indiana (see pp. 285; 286, and Map 592) breaks clearly, in light of Fer- 
nald’s treatment, into C, erectu var. typica in southern Indiana and var. Deamiana in 
iibrthwestern Indiana. 
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the other 10 miles to the northwest. P. atropurpurea, primarily a southern 
plant isolated in the Driftless Area, occurs only in very small numbers, but 
P. glabella (Butters, Am. Pern Jour. 7: 77-87. 1917), its common northern 
relative, is on nearly every cliff in southern Wisconsin (Tryon et al. The 
ferns and fern allies of Wisconsin, 23, 24. 1940). Mill Bluff, a mile and a 
half north of Cactus Bluff, was the type station for A coni turn noveboracense 
var. qmsiciliatim (Passett, Rhodora 31: 49. 1929), where a very few indi¬ 
viduals were seen (it is likely that it is extinct there now, since the woods 
shading the bluff have been cut). Pifteen miles to the northeast is Parfrey’s 
Glen, where probably not more than a dozen individuals of the Aconitum 
cling to the moist shady wails of a ravine. Thirty miles northward, at Wis¬ 
consin Dells, Rhododendron lapponicum grows on cliffs along the Wisconsin 
River, at the only known station west of the Adirondack Mountains and 
south of Hudson Ba.v; it is doubtful if there are a score of individual plants 
at this place and their existence is menaced by the fact that the cliff on 
whose edge they grow is being cut back by the river faster than the newly 
exposed surfaces can be recolouized. 

Surely many of the specialties of the Driftless Area are on the very 
brink of extinction. 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 
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SUPPLEMENTARY NOTES ON AMERICAN 
MENISPERMACEAE--II1 

B. A. Kbukoft and H. N. Moldenke 

New collections of the Menispermaceae, largely from Amazonian Brazil 
and Surinam, have recently become available to us. The Amazonian speci¬ 
mens were largely obtained in the municipality Sao Gabriel, State of 
Amazonas, on the tributaries of the upper Rio Negro, which are poorly 
known (to say the least) botanically. The collections were found to be of 
considerable interest and are discussed in the present paper. They extend 
our knowledge of certain species previously known from incomplete mate¬ 
rial ; extensions of ranges are noted for a number of species, and three species 
are described as new. No changes in the nomenclature are necessitated. 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers 
(1, 2, 3, 4). The following new abbreviation is used; 

U: Georgetown Botanic Gardens at Georgetown, British Guiana. 

CHONDODENDRON RUfz &* PAVON 

2. CHONDODENDRON PLATiPHYLLUM (A. St. Hil.) Miers. Additional speci¬ 
mens examined: photos #34502 and 34501. 

As is evident from the labels (photo #34502) ^ two specimens appear to 
be mounted on a single sheet, one collected by Casaretto in virgin forest in 
the State of Minas Geraes, and another collected by Richard Hear Rio de 
Janeiro. 

Without seeing the actual specimen we are unable to ascertain whether 
or not photo #34501 is of the type of Cocculus ? cinerascens A. St. Hil. The 
specimen was collected by Saint-Hilaire in forests near Rio de Janeiro. 

3. CHONDODENDRON TOMENTOSUM Rulz & Pav. Additional specimens ex¬ 
amined: Peru, Ecuador, or Brazil, collector undesignated 3, 10. Ecuador— 
Napo-Pastaza ; basin of Rio Pastaza, GUI 12363/6. 

On the labels of collector undesignated 3 and 10 it is stated; “collected 
by Squibb's collector somewhere in Amazonian South America. Said to be a 
constituent of curare arrow-poisonu^' 

4. CHONDODENDRON CANDicANs (L. C. Rich.) Sandw. Additional speci¬ 
mens examined: British Guiana—Essequibo; basin of Issororo River, Jen- 
man 5199 (U). Surinam—^near Sectie 0, on railroad Param^ribo-Dam, 
Krukof 12305, 12335. 

It is satisfactory to have new collections of this species from Surinam. 
The species was known to us from Surinam only from the type collection 
of Abuta f Pullei. 
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5. Chondodendron limaciifolium (Diels) Moldenke. Addifional speci¬ 
mens examined: Brazil — Amazonas: basin of the upper Solimoes, Frees 
12090, 12092, 12093, 12093. 

7. Chondodendron toxicoferum (Wedd.) Krukoff & Moldenke. Addi¬ 
tional specimens examined: Brazil — ^Amazonas: basin of the upper Soli- 
moes, f Frees 12087. 

SCIADOTENIA MIERS 

3. SciADOTENiA SOLIMOESANA Moldenke. Additional specimens examined: 
Brazil — Amazonas, basin of the upper Solimoes, Frees 12094. 

This is the third collection of the species known to us. 

ANOMOSPERMUM MIERS 

1. Anomospermum Schomburgkii Miers. Addifional specimens exam¬ 
ined: British Guiana—Essequibo: Jenman 1333 (U); basin of Mazaruni 
River, Jenman 2131 (U); Berbiee: basin of Corentyne River, Jenman 
102 (U). 

2. Anomospermum Dielsianum Moldenke. Additional specimens exam¬ 
ined: Brazil — Amazonas: basin of the upper Rio Nejrro, Frees 12467. 

This is the first recjord of the species from the basin of Rio Negrro 
(Corocoro on Rio Vaupes). It has been known hitherto only from the type 
collecdJou from the basin of the upper Solimoes. 

6. Anomospermum citlorantiium Diels. Additional specimens exam¬ 
ined: Brazil — Amazonas: basin of the upper Rio Negro, Frees 12113. 

This is the first record of the species from the basin of Rio Negro (Yuco 
on Rio Xie). The specimens are more pubescent than any of the previously 
examined and cited material. 

7. Anomospermum sp. uov. Additional spechnens examined: BraziIj— 
Amazonas: basin of the upper Solimoes, Frees 12131. 

In a previous paper (1) we have given a description of a plant which 
presumably has neVer previously been described or named, but have not 
assigned a specific fiame to it in view of lack of flowers or fruits. The present 
collection is again sterile and from the same region as the two previous 
collections. 

8. Anomospermum bolivianum Krukoff & Moldenke. Additional speci¬ 
mens examined: Brazil — Amazonas: basin of the upper Rio Negro, Froes 
12407. 

This sterile specimen matches very well the type collection of the species. 
It has been obtained in an old clearing on ‘‘terra firma^^ near Cucui. 

9. Anomospermum hirsutum Krukoff & Moldenke, sp. nov. Frutex 
scandens; ramulis gracilibus dense hirsutis, pilis patentibus fulvis; petiolis 
gracilibus dense fulvo-hirsutis; laminis foliorum coriaceis late ellipticis 
argute acutis vel breviter acuminatis et saepe plusminus apieulatis integris 
subrevolutis, ad basim acutis indistincte 3*pli-nerviis, supra glabris niti- 
disque, subtus plusminus Tulvo-hirsutis; costa venisque primariis seciin- 
dariisque supra valde impressis, subtus argutiuscule prominentibus; reticulo 
venulorum copiosissimo perspicuo. 
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A woody vine; branchlets slender, densely hirsute on protected parts 
with spreading fulvous hairs 1-2 mm. long, less so or even glabrescent on 
the internodes; petioles slender, 2.5-3.8 cm. long, densely fulvous-hirsute, 
the uppermost 1 cm. swollen and usually more or less curved; leaf-blades 
coriaceous, uniformly bright-green on both surfaces or more shiny above, 
broadly elliptic, 7.5-16.5 cm. long, 2.5-6.8 cm. wide, sharply acute or short- 
acuminate and often more or less apiculate at apex, entire and slightly revo¬ 
lute along the margins in drying, acute at base, glabrous and shiny above, 
more or less fulvous-hirsute beneath, especially along the midrib and larger 
venation, indistinctly 3-pli-nerved from the base, the main pair of veins not 
very dissimilar to the 3 or 4 pairs of secondaries and confluent with them in 
many loops 6-8 mm. from the margins; midrib, principal veins, and sec¬ 
ondaries rather deeply impressed above, sharply prominent beneath; the 
tertiaries prominulous in shallow grooves above, prominent beneath; veinlet 
reticulation very abundant and conspicuous under a hand-lens, fine, promin¬ 
ulous on both surfaces; only staminate flowers seen; pedicels subtended by 
2 minute scale-like triangular-ovate to lanceolate braetlets, which are about 
1 mm. long, carnose-thickened at base, acute at apex, hirsute on the back, 
and easily separable; sepals 6, imbricate, the 3 outer ones minute, resem¬ 
bling the bractlet, unequal, triangular-ovate, about 1.5 mm. long and 1 mm. 
wide, subacute at apex, sparsely hirsute dorsally and hirsute-ciliate on 
margins, carnose-thickened at base, easily separable, the 3 inner ones very 
much larger, broadly elliptic or suborbicular, narrowed and somewhat claw¬ 
like at base, rounded at apex, cucullate with inflexed margins, subequal, 
about 5 mm. long and 4 mm. wide, extremely carnose dorsally, glabrous, 
easily separable; petals 6, much smaller than the inner sepals, obpyramoid, 
about 2 mm. long and almost as wide, extremely carnose, the margins greatly 
inflexed, closely pressed together with the 6 stamens, forming a glabrous 
truncated “pseudodisk’stamens 6, inflexed, when not extended equalling 
the petals and opposite them; filaments subterete or somewhat flattened, 
free, glabrous; anthers facing down and subhorizontal, dehisciijig by short 
longitudinal slits; pistillate infructescences axillary, compound, to 9 cm. 
long, usually shorter than the subtending leaf, with about 3-12 fruiting- 
pedicels; peduncles obsolete; rachis slender, densely spreading fulvous-hir¬ 
sute like the petioles and branchlets; braetlets linear, about 5 mm. long, 
densely fulvous-hirsute, one subtending each pedicel; pedicels slender, 1.3- 
1.8 cm. long, sparsely hirsute, 1-3-fruited, expanded-capitate at apex; 
mature fruits asymmetric, abeut 2.8 cm. long and 1.2-1.4 cm. wide, the exo¬ 
carp slightly fleshy, glabrous, shiny, wrinkled in drying; mesocarp thin; 
endocarp hard and bony, smooth outside, elevated-reticulate within. 

Type: Ducke 75S (N), collected June 14, 1941, near ‘‘Manaos, Estrada 
do Paredao, silva secundaria non inundabili.’’ 

The species is unique and is immediately distinguished from all other 
known species of the genus Anomospermum as well as of the genera Ahuta, 
Chondodendron, Elissarrhena and Telitoxicum by its hirsute leaves. 

Specimens examined: Brazil—^Amazonas: basin of Rio Negro, Ducke 
753 (N, type); Froes 12408. 

TELITOXICUM MOLDENKE 

3. Telitoxicum ikopinatum Moldenke. Additional specimens examined: 
British Guiana—^Berbice : basin of Eberoabo River, Hohenkirk 55 (U —iso- 
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type); Weruni-Ituni Savannahs, Abraham 132 (U); basin of Courantyne 
ikiveVyHohenkirk 714 (U). 


ABUTA BARr£)RE 

2. Abuta obovata Diels. Additional specimens examined: Brazil— 
Amazonas : basin of Kio Negro, Froes 12379, 12543, 12563. 

The species is now known both from the upper and the lower Rio Negro. 

6. Abuta panurensis Eichl. Additioyial specimens examined: Brazil— 
Amazonas: basin of the upper Rio Negro, Froes 12414. 

The species has been known hitherto only from the type collection. The 
present collection is from ‘‘restinga’’ near Yuco on Rio Xie, municipality 
Sao Gabriel. 

8. Abuta imene (Mart.) Eichl. Additional specimens examined: Brazil 
—Amazonas .* basin of the upper Solimoes, Froes 12156; basin of the upper 
Rio Negro, Froes 12477. 

11. Abuta grandifolia (Mart.) Sandw. Additional specimens examined: 
Venezuela—Amazonas: basin of Rio Negro, Froes 12387; Ducke 691. 
Brazil—Amazonas: basin of Rio Tonantins, Froes 12164, 12232. Surinam: 
near Sectie 0, on railroad Paramaribo-Darn, Krukoff 12296, 12324. 

This is the first record of the species from the basin of Rio Tonantins. 

14. Abuta rufesoens Aubl. Additional specimens examined: Brazil— 
Amazonas: basin of the upper Rolimoes, Froes 12088, 12089, 12091; basin 
of Rio Negro, Ducke 861. PhiENOH Guiana*. Auhlef s.n. (Hype; photo 
#34499). 

The Brazilian specimens are the first record of the species from the basin 
of Rio Solimoes. 

15. Abuta barbata Miers. Additional specimens examined: Surinam: 
near Sectie O, on railroad Parainaribo-Dam, Krukoff 12325. 

16. Abuta Grisebachit Triana & Planch. Additional specimens exam- 
med: Brazil—Amazonas: basin of the Rio Negro, Froes 12134; Ducke 822. 

20. Abuta negroensis Krukoff & Moldeiike, sp. nov. Frutex scandens; 
rainis crassiusculis adpresso-pubescentibus vel glabrescentibus; ramulis 
gracilibus densissime velutino-pubescentibus, pilis brevibus brunneis; cica- 
tricibus perelevatis; petiolis crassis firmis ad basim ampliatis, dense velutino- 
pubescentibus; laminis foliorum coriaceis ovatis acuminatis integris, ad 
basim acutis vel paullo obtuseque subacuminatis, supra glabris nitidisque, 
subtus dense velutino-tomentosis, pinnato-venosis. 

A woody vine; branches rather stout, about 1.5 cm. in diameter, ap- 
pressed-pubescent or glabrescent in age; branchlets slender, very densely 
velutinous-pnbescent with short brown hairs; leaf-scars large and corky, 
very prominently elevated on sterigmata about 5 mm. long; petioles stout, 
firm, 13-24 cm. long, ampliate at base, thickened and curvate for the upper 
1.5-2 cm., densely volutinous-pubescent like the branchlets, the pubescence 
eventually wearing off; leaf-blades coriaceous, ovate, 25-37 cm. long, 14.5-20 
cm. wide, acuminate at apex, entire, acute or very slightly obtuse-acuminate 
at base, glabrous and shiny above, densely velutinous-tomentose beneath 
with short, appressed, brownish hairs, pinnately veined; midrib stout, im- 
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pressed and often appressed-pubeseent above, very prominent beneath; 
secondaries slender, 8-10 per side, regularly ascending, arcuate near the 
margins, usually not plainly anastomosing, impressed above, very prominent 
beneath; tertiaries slender, numerous, joining the secondaries, issuing at 
right angles, subparallel, slightly impressed above, prominent beneath; vein- 
let reticulation abundant and regular, forming very fine meshes visible 
under a hand-lens; flowers and fruit not known. 

Type: Froes 12423 (N), collected Dec. 19,1941, near Santa Ana, on Eio 
iQana, basin of the upper Rio Negro, State of Amazonas, Brazil. 

The species is unique and is immediately distinguished from all other 
known species of the genera Chondodendron, Sciadotenia, Anofnaspermum^ 
Abuta, Elissarrhena, and Telitoxicum by the combination of the following 
characters: leaf-blades woolly beneath and distinctly pinnate-veined (not 
pli-nerved!). The only other known species of American menispermaceous 
plants which have the leaf-blades woolly beneath are Abuta Orisebachii, 
Abuta CandolUi, Abuta splendida, Sciadotenia paraensu, 8ciadbtenia Sago- 
tiana, and species of Chondodendron, and leaves of all o^^ these are pli- 
nerved. 

All known species of Chondodendran are characterized by the matted 
indumentum whereas the leaves in our species are tomentose. Because of the 
absence of flowers, we cannot suggest its immediate relatives. It seems best 
placed in the genus Abuta. 

21. Abuta Froesii Krukoff & Moldenke, sp. nov. Frutex scandens; ramis 
ramulisque gracilibus glabris nitidis; cicatricibus magnis elevatis circulari- 
bus suberosis; petiolis gracillimis glabris; laminis foliorum firme chartaceis 
ellipticis iutegris, ad apiceum rotundatis et cuspidato-acuminatis, ad basim 
rotundatis vel acutis, utrinque glabris pernitidisque, 5-pli-nerviis. 

A woody vine; branches and branchlets slender, glabrous, shiny; lenti- 
cels usually prominent; leaf-scars large and elevated, corky, circular; peti¬ 
oles very slender, 2,5-7 cm. long, glabrous, somewhat ampliate at base, the 
uppermost 5 mm. thickened and curved; leaf-blades firmly chartaceous, uni¬ 
formly colored on both surfaces, elliptic, 5.5-15.5 cm. long, 3-8 cm. wide, 
rounded to a short cuspidate-acuminate apex, entire, rounded or acute at 
base, glabrous and very shiny on both surfaces, 5-pli-nerved from the base; 
midrib and primary veins very slender, plane above, sharply^ prominent 
beneath; the lower pair of primary veins not as prominent as the upper pair, 
closely paralleling the leaf-margin half way to its apex, the upper pair not 
very arcuate, ascending almost to the apex, not anastomosing with the other 
pair nor with the secondaries; secondaries 1 or 2 pairs, in the upper half 
of the leaf, arcuately looped, not reaching the margins, anastomosing;,ter¬ 
tiaries and veinlet reticulation obscure above, only the larger portions sub- 
prominulous beneath; flowers not seen; pistillate infructescences supra- 
axillary; peduncles stout, about 1 cm. long, subglabrous, surmounted by a 
large club-like receptacle, bearing (normally) three fruits; fruit asymmetric, 
3-3.5 cm. long, 2-2.5 cm. wide, glabrous; exocarp hard and bony; mesocarp 
woody ;4endocarp thin, smooth and, shiny, not corrugated. 

Type: Froes 12346 (N), collected Jan. 31, 1942, on ‘‘terra flrma’^ near 
Macubeta on Rio Marie, basin of the upper Rio Negro. 

The species resembles Abuta brevifolia from which it differs, however. 
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in its much larger fruits with the glabrous exocarp, much longer petioles, 
and larger leaves. 

Specimens examined: Brazil—^Amazonas: basin of Bio Negro, Froes 
12436; basin of Bio Solimoes, Froes 12168, 12180. 

ELISSARRHENA MIEBS 

1. Elissarrhena qrandifolia (Eichl.) Diels. Additional specimens ex¬ 
amined: Brazil—^Amazonas: basin of the upper Solimoes, Froes 12084, 

The New York Botanical Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?—II 

Leon Croizat 

The reader who has so far followed this disi^ussion is aware by now of the 
sad pligrht of much nomenclature in our midst, and knows a few of the dis¬ 
ruptive interpretations and peculiar ideas bearing upon the typic trinomial. 
This reader will agree, it may be believed, that a sane and constructive 
approach to the all-important problem of typification is impossible so long 
as the fundamentals in the issue are floutedv, and the discussion wanders in 
a maze of pompous and ill-digested generalities. Sharp and precise biological 
concepts such as necessarily underlie good classification carinot forever 
speak the language of fanciful nomenclature, nor can the facts be concealed 
and disguised. It is no longer a question of names that are being published 
on occasion and prove untenable on account of some technical violation of 
the Rules, but of a whole deepl 3 ’^-rooted trend of unsound thought and hap¬ 
hazard, practice, ultimately based on a lack of familiarity with tlie subject. 
The hair-splitting and the abuse of imagination which have characterized 
the work of some recent writers on nomenclature have damaged, no doubt, 
the cause of the serious student who is well aware that quibbling and wild 
hypothecating are as obnoxious in the long run as ignorance and neglect. 
At bottom, the Rules of Nomenclature are not a pack of cavil, the plaything 
of a few devotees, or the Book of Merlin. They are a labor-saving device in 
the first place, making it possible for everybody to speak briefly and to the 
point on subjects of common interest. Properly expounded, they are as easy 
to read and to understand as the rules governing any current card game. 
In a very definite sense, they must become a live reality to every botanist. 

The fallacies surrounding the trinomial typious, its nature and use, have 
no reason to exist, because this trinomial has nothing in it which is mj'steri- 
ous or difficult once its fundamentals are grasped. Rather than discuss these 
fundamentals in the abstract, I will deal with them by examples and plain 
considerations. 

As an introduction, we may consider the following formula: 

1 + X = 2; x = 2-l; x = l. 

Half a line of symbols and figures written in a matter of seconds speak 
an amount of truth which, put into words, would require considerable time 
and paper. The formula given above summarily states the following: A cer¬ 
tain figt?.re, conventionally designated by the symbol x, meaning a quantity 
unknown, when added to 1 yields 2. To find this figure transfer to the right 
of the symbol of equality the figure 1, changing its value from positive to 
negative, leaving x in its original position to the left of the sign of equality. 
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The result of the subtraction (2-1) eventually yields 1, which is the value 
of X. 

Precisely like mathematics, botany speaks in symbols and formulae, wit¬ 
ness this: Hydriastele Kasesa (Laut.) Burret, comb, now =^Ptychosperma 
Kasesa Laut. in Engl. Bot. Jahrb. 46: 357. 1911. By the use of this formula, 
Burret (Notizbl. Bot. Qart. Berlin 13: 484. 1937) tells his coworkers the fol¬ 
lowing: ‘‘In a periodical called Engler’s Botanische Jahrbucher, Volume 45, 
page 357, printed in 1911, Lauterbach has validly and legitimately pub¬ 
lished a certain species which he has designated as Ptychosperma Kasesa, 
I, Burret, having investigated the creation of Lauterbach, found in it charac¬ 
ters which assimilate it to the species in the genus Hydriastele. Accordingly, 
I have brought Lauterbach’s species away from Ptychosperma under Hydri- 
astelc. This of course, is my own, Burret^s, understanding of the matter.’’ 

Obvioiislj’'^ it may not be doubted that botany, too, is ruled by a special 
kind of symbolic and abbreviated language. Nomenclature is essentially that 
branch of botany which is concerned with the proper use of such a language. 
The usefulness and nobility of nomenclature cannot be disputed or denied, 
for without it the use of this expeditious language would be im))ossible. 
Without this language, Burret would have been obliged to state its story in 
detail, that is, would have been forced back to the polynomial stage of botany 
and possibly farther still, to the age of Theojdirastus and Pliny. 

Let us now suppose that a taxonomist, J. Brown, is faced with the task of 
writing down the following account: In 1900 J. Doe published as Planta tina 
an entity with a glabrous body and blue flowers. In 1905, P. Smith found a 
pubescent annual with blue flowers which he judged to be conspecific with 
P. nna and published it trinomially, either as a subspecies or as a variety, 
as P. vna pilosa. Five years later, jji 1910, C. Black collected a pubescent 
herb with white flowers which he proposed as a form, P. nna alhiflora. Lastly, 
in 1915, N. Toe collected a glabrous herb with white flowers which he pub¬ 
lished as a form calling it P. una lencatitha. 

Using the standard language of botany, J. Brown has a free choice 
between two manners of expressing this long-drawn account. He can do this: 


Planta una J. Doe, 1900. 

P. una t. leucantha N. Toe, 1915. 


V. mia (subsp., var.) pilosa P. Smith, 1905. 
P. una f. alhi flora C. Black, 1910; 


or this: 


riant a una J. Doe 1900 

P. una (8ub8|)., var.) typiea J. Brown, 1942. P. una (subsp., var.) pilosa P. Smith, 1905. 
P. una t. leucantha N. Toe, 1915. P. una f. alhiflora C. Black, 1910. 


It will readily be seen that, while the two accounts substantially agree 
in the facts they reveal, the latter is in every respect better balanced. The 
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species itself is conceived as a broad unit, including both kind of plants, gla¬ 
brous and pubescent, of which the glabrous entity is considered to be typical 
in the nomenclatural if not in the biological sense. The form lemantha 
spoken of as P. una var. typioa f. leucantha is immediately known to be gla¬ 
brous, therefore to belong to a complex other than the form aVbiflora, The 
trinomial typica neatly balances the trinomial pilosa, and a comparison be¬ 
tween the type-specimens of the two can be effected without calling into 
question a binomial (P. una) and a trinomial (P. una pilosa) which may 
engender confusion. In brief: the segregation of the trinomial typicus has 
nothing about it which is mysterious, involved and philosophical; it is merely 
a book-keeping device which has for its result to simplify and elucidate the 
treatment of involved and much subdivided entities. This device is sprung 
into action by the simple expedient of publishing a trinomial: (subspecies, 
variety or form) which is based upon the same type-speciinen as the next 
higher unit; P. una and P. una var. typica being both based upon J. Doe 482, 
a specimen collected—^let us say—near Washington, D. C., in 1899. 

Some workers who are not familiar with this elementary device believe 
that P. una and P. una var. typica are synonyms, because—they say—^**both 
these names apply to the same plant. This is a patent fallacy; to be synony¬ 
mous (see Art. 16) two names must have the same circumscription (that is, 
be based upon specimens of the same significance and value in classification^), 
position (that is, be both under the same genus, species, variety, and the 
like), and rank (that is, be both genera, species, subspecies, varieties, or the 
like). It is clear that P. una and P. una var. typica cannot be synonyms, 
because they are short of two out of three elements required for a synonymy; 
they have the same circumscription, true enough, because they are both 

2 The term circumHcripiiony etymologically considered, means to ^ ‘ write in ^ ^ or to 
‘^delineate around,and is used by botanists in two senses, as follows: (a) To refer to 
groups in general. Accordingly, we hear that, for instance, ‘ ‘ Exceedingly narrow circum¬ 
scriptions were understood by Badnesque to form good genera.'^ (b) To define the 
taxonomic range of a specimen, as it were, thus: Doe 415 and T. Brown XI arc collec¬ 

tions with the same circumscription.' ’ It will readily be seen that the etymology of the 
term itself is compatible with these two different uses, and that both, consequently, are 
correct. However, the Buies speak of eircumseription in the second sense only in the text 
of Art. 16. Users of the Buies should be careful not to understand the language of the 
Articles in the sense which is often colloquially current. A classic example of the con¬ 
fusion that results from misunderstanding the Buies in this manner, is Wheeler ^s con¬ 
tention (Contr. Gray Herb. 127; 53. 1939) that Watson published Bernardia (?) fasei’ 
culata as a nomen provisorium because he said that this name was * ^. . . only provisionally 
referred to Bernardia,^* That this notion is fantastic can readily be seen, considering 
that if Wkeeler were correct every name published with an expression of doubt as to its 
true position or ultimate destination would be invalidj* A nomen provisorium in the sense 
of the Bides (see Croizat, Jour. Arnold Arbor. %1: 499. 1940; 22: 137. 1941; Bull. Torrey 
Club 69: 454, 1942) is a very different thing. The rules must be read for what they are 
and must be used accordingly; no one should apply a monkey-wrench fitting the gear of a 
truck to the threads and screws of a fine microscope, for common sense forbids it. 
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based upon the very same specimen, but they do not have the same position 
(P. una stands under genus Planta while P, nna var. typica stands under 
species P. nna), nor the same rank (P. iina is a species, P. una var. typica a 
variety). 

The objection is sometimes heard that all these subtle distinctions among 
circumscriptions, positions, ranks and the like are quibbles, and that a bota¬ 
nist cannot be expected to waste his time nor to live by the codes of a lawyer. 
This objection must be buried once for all, for it sins against elementary 
reason. The difference between a competent and an incompetent worker is in 
the fact that the former has taken pains to learn to use all the instruments 
of his craft; meeting a diflSculty, a straight-thinking student masters it once 
for all, and does not complain about it forever. The Treasury of the United 
States also makes some distinction between scraps of paper of the same size, 
texture and color, paying one-tenth as much for some of them, depending 
upon the fact that on these scraps the figure 1 is followed by one zero rather 
than by two. Strange to say, the supercilious and overbusy workers who dis¬ 
miss circumscriptions, positions, and ranks with a sweeping and hopeless 
gesture of their hands are well informed of the ‘‘quibbles’^ of the Treasury, 
and never fail to exact their pound of flesh in good bills, squeezing the last 
drop of blood out of the Treasury's ‘‘legal notions. It is not very clear why 
these workers should dismiss as nonsense what the Rules of Nomenclature 
say, when, after all, they use taxonomic names fully as frequently as they 
do cash. True, profound treatises can be written about the conceptual back¬ 
ground of X in mathematics, the theory of double entry in bookkeeping, the 
philosophy of the bad bridge player or of the shrewd “plunger’^ on the stock 
market, and about the nature of fypints. However, the average taxonomist 
has no need of all this literature to ply his trade wtU and intelligently. All 
that matters to him is to have a good grasp of the possibilities of the tri¬ 
nomial epithet iypicus and of the brand of calisthenics which this epithet 
performs in actual use. It stands to reason that taxonomists who deal with 
complex entities or make a rigorous study of populations and variations need 
to use the trinommh iypicus, and actually use it (see, for instance, St. John 
& Hosaka, Occ. Pap. Bishop Mus. 14: 120. 1938; Clausen, Keck & Hiesey, 
Carnegio Inst. Wash. Piibl. 520. 1940), while taxonomists who are fortunate 
enough to labor upon floras continuously yielding new species and possibly 
new genera have no feeling for this trinomial. The point is not that these are 
wise and those foolish, or the other way around. The point is, rather, that the 
practical necessities of the branch of taxonomy which these botanists serve 
call into play different means and methods, some playing the strings, others 
the brasses, in the orchestra of Flora. That all botanists should understand 
the needs of all botanists and be able on occasion to use all their tools is to 
be believed as a matter of course. It is none the less plain that since iypicus 
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is meant to simplify, not to complicate matters, those who whip it into a 
froth of decorative generalities and ill-digested abstractions do not follow 
the middle of the road where alone common sense dwells. 

A fallacy commonly heard about typicus is that this trinomial is a ‘‘new 
name/’ To begin with, this is denied by the Rules, for whenever they speak 
of a “renaming” or of a “new name” (see, for instance, Art. 61 and Art, 
69), they refer to entities of the same rank, that is, to a species’ acquiring 
a “new name” because an old and untenable binomial falls out, because a 
generic illegitimate name is replaced by another generic tenable Unitarian 
designation, and the like. The Rules know better than to speak of a trinomial 
being given a binomial as a “new name.” The Rules know, as a matter of 
fact, that to confuse ranks means to open the door to such errors as have been 
illustrated in the preceding discussion of Art. 58 and Art. 30.- 

The fact that the trinomial typicus cannot be a “new liame” is conveni¬ 
ently illustrated by examples, this one, for instance: Mueller Argoviensis 
published Malloius oreophilus (in DC. Prodr. 16(2): 964. 1866) without 
ending the specific, description with the designation of a type-specimen. At 
the same time, however, he published two trinomials, a ochraceo-albidus and 
(3 floccosus, typifying the former by a specimen with whitish-tomentose, the 
latter by one with glabrescent leaves. Of these trinomials the former, desig¬ 
nated by the letter a is the full equivalent of a trinomial typicus because its 
type-specimen is also the type-specimen of the binomial'. 

Translated into plain language, Mueller’s publication means that he 
recognized an entity (the species, M. oreophilus in the broad sense) with 
general characters of fruit, flower and the like that applied in common to the 
subdivisions of this entity (the varieties, distinct in the nature of their 
indumentum at the leaf), one of these subdivisions being accepted by him 
as typic of the species as a whole in the nomenclatural sense^ not necessarily 
in the biological one. It should not occur to a competent biologist and to a 
well informed taxonomist that the concepts involved in this treatment are 
two, for they are manifestly three, namely; (1) a broad aggregate of forms, 
whitish-pubescent to glabrescent in their foliage, but akin in the balance of 
their characters {M, oreophilus) ; (2) a subdivision of this aggregate with 
definitely vrhitish-pubescent leaves, this character in Mueller’s opinion set¬ 
ting out a morphological and possibly a geographical complex (a ochraceo- 
albidus) ; (3) a subdivision like the preceding one but glabrescent in its 
foliage (3 floccosus). Since the concepts here involved are three, not two, that 
bearing upon M, oreophilus in particular being unlike that of a ochraceo- 
albidus^ it stands ‘to reason that this trinomial cannot be, and is not a “new 
name” for the binomial. It is a different name, for it applies to a different 
subject and holds within itself a different concept. To designate M, oreophi¬ 
lus a oehraceo-albidus as a “new name” violence must be done tp the whole 
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of the Rules which define as such something different. It is not clear in my 
understanding why such a violence should be done, when it leads only to 
ultimate confusion of terms and concepts, and serves no useful purpose at 
all. What does a taxonomist gain who follows the typic trinomial with the 
abbreviation ‘*nom. nov.’’ rather than with the accepted ‘War. nov.^’ or 
“subsp. nov.'^? Does he affirm in so doing his faith in the esoteric side of 
nomenclature, pro(‘laiming unto the ages his perfect understanding of the 
virtues of typicusf Indeed not: he merely states that his familiarity with the 
concepts underlying such a trinomial is less perfect than it ought to be, and 
confuses his coworkers by palming off as a ‘‘new name'' of undefined status 
that which is clearly not so. 

Some objection may be anticipated against my using in this summary 
two examples which are seemingly different without emphasizing this pre¬ 
sumed difference. It may be pointed out that in the fancied case of Plania 
una J. Doe, 11)00, the typic trinomial was segregated only in 1942 by a tax¬ 
onomist other than J. Doe, namely J. Brown, while in the actual case of 
MalloUiH orcophilus, Mueller himself immediately segregated the trinomial 
in question and a second one, failing to designate the type-specimen of the 
binomial. 

No difference at all in concepis exist between these two examples. Proof 
of this is immediately had by comparing the examples I have used in their 
basic final form. Here they are: 

(A) Planta una J. Doc, 1900. 

P, una var. typlca J. Brown, 1942. P. v?ia var. pilosa P. Smith, 1905. 

(B) Mallotm oreophiJus Mucll.-Arg., 1866. 

M. oreophiln.s var. ochragc()-alhi(lv.s Muell.- M. orrophihis var. ftoccouus Muell.-Arg., 
Arg., 1866. ^ 1866. 

Nothing would change in the realities involved by these citations if J. 
Doe himself had published var. iypica in 1900, or if Mueller had waited half 
a century to announce var. ochraceo-alhidus. Both P. nna and M, oreophilns 
ultimately have acquired the conceptual status of the species in the broad 
sense, that is, of the biological complex as a whole. Their trinomials typica 
and ochracco-albidns have exactly the same significance, that is, they stand 
for the part of the species broadly understood which is typic in the nomen- 
clatural sense. Likewise, the subdivisions pilosa and floccosus are equivalent 
in this, that they represent a nomenclaturally atypic segment of the bi¬ 
nomial. Clearly, the var. iypica (1942) of P. nna (1900) is no more a ‘‘new 
name" of the binomial than is the var. ochraceo-albidiis (1866) of M. ore- 
ophilus (1866). Precisely in the same manner, two bars of iron of the same 
length and weight are identical regardless of the fact that one was sawed 
off the mother bar in 1866, the other in 1942. 
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The fallacies current on account of failure to properly understand the 
elements of time and concept in nomenclature are so numerous that I may 
add parenthetically a few words on the subject. As I have shown, Art. 18 
pitilessly scrambles three ^Hypes,^' namely (1) type-names; (2) type-speci¬ 
mens; (3) biological types; falling as a result into the grossest contradiction. 
I have good reason to suspect that such unfortunate results are chargeable, 
more than to anything else, to a single factor. The near totality of taxono¬ 
mists untrained in the use of typicns and trinomials in general overstress the 
element of time against the element of concept. Accordingly, they are 
panicky or rebellious when somebody speaks of the trinomial typicns as the 
*‘type’^ of the species. They cannot see this at all, for they point out that a 
species must have a ‘^type,’’ and that it is not true that all species have a tri¬ 
nomial iypicus. Naturally, they argue, the ^4ype*’ must be a specimen, 
figure, or description, for without such a “type^^ a species cannot even be 
born. A species, they further argue, does not need a trinomial typicus to be 
born. 

Instead of turning obdurate or panicky, these taxonomists ought to con¬ 
sider that they can publish Planta una in two manners, (1) by designating 
the type-specimen and adding no trinomial, as follows: Planta nna —^type- 
specimen: »/. Doe 372, (2) By designating the type-variety together with 
some other trinomial (in theory, the type-variety alone could be legitimately 
and validly published, nothing forbidding this in the Rules) and listing the 
specimen either after the binomial or after the typic trinomial, as follows: 
(a) P, una —type-specimen: J, Doe 372; var. typica {una, genuina, etc.); 
var. lutea; (b) P. una; var. typica —^type-specimen: J, Doe 372; var. lutca. 

It is for all to see that in the publication of P. una two elements are 
involved or may be involved, namely, (1) a type-specimen; (2) a type- 
variety. It is just as clear that the type-specimen may not be designated at 
publication, and so may not be indicateddhe type-variety. It is downright 
untrue, of course, that a species needs the designation of a type-specimen 
to be born. The species of older authors, as a matter of fact, were practically 
all published without mention of specimens, least of all of type-specimens. 
Naturally, it is just as feasible to publish a type-variety without designating 
a type-specimen, as it is to designate a type-specimen without publishing a 
type-variety. To elucidate this vital point, let us suppose that Planta una 
was published in 1801 in a valid and legitimate manner, without, however, 
the indication of a type-specimen or of a typic trinomial. It is open to a 
modern worker to choose right now this specimen and to publ^h this tri¬ 
nomial. Conversely, the type-specimen might have been chosen by a taxono¬ 
mist in 1825 and the type-trinomial (var. typicus, genuinus and the like) 
published by another taxonomist in 1930. In other words; the concept of 
type-specimen {or its equivalents, description and figure) and the concept 
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of ty%>c-name {trinomial typicus or its equivalents) are both hidden within 
the entrails of the species at birth and no limitations in time exist—in princi¬ 
ple—to their being pulled out to light. The taxonomists of an earlier genera¬ 
tion were inclined to muster into the world the type-trinomial sooner than 
the type-specimen, thus publishing a var. typica or the like even before 
having designated the type-specimen; we moderns, on the contrary, not only 
incline to bring forth the type-specimen first, but go so far as to accept our 
point of view as the whole truth, denying that a typic trinomial and a tyjie- 
name in general is a ‘‘type’’ at all. This is an error, and so long as this error 
lives we will be unable to progress in nomenclature, for nomenclature is the 
art of putting together right names and right specimens. Obviously, to fit 
these entities together well we should be able to effect at all times and under 
all circumstances the proper distinction, what is a name and what is a speci¬ 
men. Somebody w^ho w^as not innocent of nomenclatural affairs wrote in Rec. 
iv of the current Rules the statement that the type of a new name in a 
species is “the type-variety or specimen.” Another somebody who was well 
advanced in knowledge, taking it for granted that sooner or later every 
species is bound to have a type-trinomial, spoke in Rec. xviii of the “sub¬ 
division of a species” which is “the type of the specific name.” Since Art. 
18, the ark in which is supposedly embalmed the “Type Method” itself, 
emphatically stales that the type of a species is only a specimen, description 
or figure—as already pointed out—the reader may draw his own conclusions 
as to the hai)py state of affairs that now prevails, with two Recommendations 
which contradict a “fundamental” Article which contradicts itself. 

Still another fallacy current on the score of typicus and its nomeiicla- 
tural equivalents is the belief that these epithets have hidden virtues of their 
own, whi(di set them a])art from the common run of other taxonomic names. 
At the very end of vthe paper of Bolle elsewhere discussed in this review, 
Harms, Mattfeld, and Pilger contend that Bolle is wrong in his approach to 
the trinomial typicus, “da nach unserer Meinung diese Ausdriicke nach dem 
Sinne der Regeln nicht den eigentlichen Bpitheta gleichzusetzen sind, 
vielmehr nur als Bezeichnungen fur eine Untergruppe gelten sollen, die dem 
Typus der ubergeordneten Gruppe entspricht” (in our view, these terms— 
typicus, genuinus, etc-.—cannot be assimilated to true epithets in the sense 
of the Rules, because they are mere symbols for subordinate units wdiich 
contain the type of the higher ones). 

On its face, this statement seems to be salted with philosophical flavor. 
Its authors draw a distinction between “Epitheta” and “Bezeichnungen,” 
inferring that Bolle is at fault because he failed to perceive how substan¬ 
tially different are these twb objects of nomenclatural thought, the “Epi¬ 
theta” and the “Bezeichnungen.” Had Bolle seen this radical difference, we 
are led to understand, he would not have written a paper at all to ask that 
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a Eeeommendation be enacted to check the spread of the use of typicus, 
genuimis, and the like trinomial epithets. Bolle would have worshipped the 
‘‘Bezeichnungen’^ and the ‘‘Epitheta^^ at different shrines, as do his censors, 
and abstained from sacrilegious writing. 

I do not believe that Bolle is right, as the reader knows, but I believe 
even less that his critics have a plausible case on their hands. The statement 
that typicus and its kindred are ‘^Bezeichnungen^’ not ‘‘Epitheta^^ has 
mystical flavor much rather than philosophical taste. Like all mystical 
affirmations, this pronunciamento appeals to the heart of those who happen 
to accept it on faith, but cannot appeal to the mind of a dispassionate in¬ 
vestigator. Once again, this is a saying which is rooted in something taken 
for granted rather than carefully digested. What amount of thought do I 
convey to myself and others when I utter the jaculatory: ^‘The typic tri¬ 
nomial is not an epithet but a symbol (Bezeichnung) The answer is that 
I meah nothing at all. Every word, written or spoken, is both an epithet and 
a symbol of something that exists in nature or in the mind of man. Properly 
juggled, the letters a, e, r, t, and w spell water which is both the name (epi¬ 
thet) and the connotation (symbol) of a fluid that can be drank, swum 
through, and navigated on. So juggled, other letters can be made to spell 
Cabralea macrantha Harms, which is the name for a certain meliaceous 
plant from Rio de Janeiro, and the symbol of this entity in the eyes of a 
botanist, who by reading the name can visualize the plant. Still other letters 
suitably combined read Croton scaber Willd. var. genuinns Muell.-Arg., 
which is both the name and the “Bezeichnung’’ for a group under C. scaber 
which, being typic in the nomenclatural sense, if not in the biological one, 
cannot be segregated from C. scaber. Is there any difference between such 
a “Bezeichnung” as C, niacrantha and such another as C. scabef genuinusf 
None indeed that can be- seen; both apply to certain plants which they 
symbolize before the eye of a taxonomist. True, a binomial is not a trinomial 
and a Cabralea is not a Croton, nor is a typic variety an atypie one, even as 
stale bread is not fresh bread, but the names of all these quantities are 
“Bezeiehnungeh” in their own right, and it is not what they are in the 
abstract that counts but how they react when used. How do Harms, Matt- 
feld, and Pilger factually- differ from Bolle in regard to handling the tri- 
nommljypicus or like epithets? So far as it-may be gathered, only in their 
belief that these names are “Bezeichnungen” while Bolle takes them for 
“Epitheta,” a difference which, as it has been shown, rests on the false 
assumption that a fundamental distinction is established between the two. 
What is then the practical implication of what the three authors write? None 
that these authors are able to state, beyond uttering the dictum that the 
proposal to drop typicus in the future is useful but not necessary (“ist zwar 
niitzlich, aber nicht^ erforderlich”). How useful and to what extent neces- 
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sary, or the other way around, and why, Harms, Mattfeld and Pilger, do 
not say. The affectation of brevity and pointedness displayed by oracular 
statements which are not short because they call for controversy, nor pointed 
because they miss the vitals of an issue, invites Montaigne ^s comment, as 
quoted by the elder De Candolle (Theor. Elem. Bot. 310. 1819): “C'est 
dommage que les gens d’entendement aiment tant la briiwete; sans doute 
leur reputation en vaut mieiix, mais nous en valons moins. (It is a pity that 
those-in-the-know so like to be brief; no doubt, their fame soars on this 
account, but we of the common people are left in the lurch.) 

In affirming that typicns is a ‘‘Bezeichnung’^ in the sense of the Rules 
(‘*nach dem Sinne der Regeln’’) Bolle’s opponents appeal to the Rules as 
if they contain Articles or Recommendations to favor such an appeal. The 
Rules, in fact, reject it. Article 8 states: ^‘Nomenclature deals with: (1) 
the terms which denote the rank of taxonomic groups (Art. 10-14); (2) 
the names which are applied to the individual groups (Art. 15-72).^’ In the 
German text of the Rules the word terms is rendered as Fachaiisdruckc 
(which is clearer, if possible, than its English counterpart), the names 
being known therein as Namen. Not a word is said about “Bezeichnungen 
of any kind, and Art. 8 leaves no room to quibble, for it specifies the num¬ 
bers of the Articles which deal with terms as against those dealing with 
names. Since the trinomial typicns and its equivalents are mentioned for 
the first time by implication in Art. 18 and Rec. iv, and openly by Rec. xviii 
following Art. 30, it is patent that this trinomial and its kindred are names 
.according to the Rules. They differ, as we have seen, from other names only 
in one respect; they cannot be transferred unless they are accompanied by 
the units which they typify. This is not so mack because they have special 
virtues of their oxen, and are Bezeichnungen^^ rather than Epitheta/^ as 
because certain epithets normally used to connote the type-xinits below the 
binomial lend themselves to ambiguity xvhen they are thoughtlessly trans¬ 
ferred. Proof of this statement is in the fact that Acomastylis data var. 
genuina and A. data var. data have the same meaning in taxonomy and the 
same function in nomenclature; they are absolute synonyms, as a matter of 
fact, because (see Art. 16) they have the same position (both stand under 
the same species, A. data) the same circumscription (both are based upon 
the very same type-specimen), and the same rank (both are varieties). The 
only difference between these Siamese twins is a matter of detail: A. data 
var. data can be transferred as easily as any other trinomial—despite its 
being a “Bezeichnung,’’ not an “Epitheton,’’ if we are to believe certain 
expounders—while A. data var. genuma cannot be transferred without loss 
of meaning on account of the general nature of the epithets gemiimis and 
typicus. That a detail, not an essential point is here involved can be further 
proved by reference to the fact that a taxonomist who intends to publish the 
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typie variety of A, data is perfectly free to use genuina rather than elata, 
or the other way around. He may use either one with the assurance that he 
will state precisely the same thing, convey the same meaning, be understood 
in the same sense. That so trifling a diiference between genuina and data, 
or anj’' other such set of trinomials, should have engendered lasting con¬ 
fusion, called for a monumental outpour of platitudes, ill-digested notions 
and loose thought, is truly astounding. 

It may be asked whether it is convenient to retain iypicus, genuinus and 
the like in view of the positive liability which these epithets carry in their 
bosom when transferred. My opinion is that we must put up with these tri¬ 
nomials because they are already in the record, and it proves-impossible to 
outlaw them without inflicting irreparable damages upon the nomenclature 
now accepted. Nor is this liability without its compensation, for there is no 
opportunity for mistaking any trinomial labelled iypicus^ genuinus^ or the 
like for a trinomial lacking typic status. As my final thought on the matter, 
I state my belief that the proper way of dealing with a delicate and exacting 
piece of machinery is not hitting it with a sledge-hammer, but learning how 
to use it. A student who intends to prepare himself for botanical work must 
put up with iypicus and be ready to master its intricacies, precisely as he 
must learn to match specimens and to write a tolerable Latin diagnosis, all 
these being the essential requirements of his craft. Once the proper func¬ 
tions and the correct use of iypicus are understood and suitable amend¬ 
ments are introduced into the Rules by those who understand these functions 
and this use, all reasons fall for preferring iypicus to another trinomial. 

As a matter of fact, even under the Rules now in vigor such trinomials 
as Acomasiylis data var. genuina must be transferred to A. Peckii as A. 
Peckii var. elafa, not as A. Peckii var. genuina, for the following reason: 

(1) Article 18 states that the nomenclatural type is permanently at¬ 
tached to the group which it typifies. True, Art. 18 states at the shme breath 
that the nomenclatural type of a species is a specimen, figure or description. 
This, however, is belied by the very Note in Art. 18 and by Rec. iv and 
Rec. xviii. 

(2) Article 55 orders that the earlier valid epithet must be transferred 
when a trinomial is moved from one species to the other. This order contra¬ 
dicts the very definition of nomenclatural type given by Art. 18. Accord¬ 
ingly, Art. 18, Art. 55, Rec> iv and Rec. xviii work at cross purposes. 

(3) ^ Article 5 states that in the absence Of a relevant rule, or when the 
consequences of rules are doubtful, established custom must be followed. 

(4) ‘‘Established custom^^ cannot conflict with Art. 4 which prescribes 
that forms and names which may cause error and ambiguity or throw science 
into confusion must be rejected. 
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lu conclusion, since it is patent that Aeomastylis data var. genuim 
when transferred to A. Peck'd as A, Peckii. var. genuina yields a citation 
which causes error and ambiguity and throws nomenclature into confusion; 
that the consequences of the Rules are doubtful in the case at hand; that 
established custom must be followed; that established custom cannot tolerate 
forms tliat cause error and ambiguity;—it follows that A. data var. genuina 
must be transferred to A. Peckd as A. Peckii var. data, because this trans¬ 
fer (a) is factually correct in not altering: the typificatiou by specimens in 
the least; (b) is unequivocal, once the basinym is given and suitable critical 
notes are furnished. Naturally, no one should forever be expected to recon¬ 
struct the Rules where the Rules have broken down, as they have in the 
present ease. Accordingly, the Rules must be suitably modified to take care 
of the contingencies illustrated in this discussion. However, to sum up, even 
under the present Rules it is possible to effect the proper transfer of the 
trinomial typicus, as has been shown. 

SUMMARY 

Two ))ropo.sals made to amend the existing Rules of International Nomen¬ 
clature in regard to the typic trinomial (subs]:)ecific group typicus, genu- 
imus, and the like) are discussed in detail, reaching the conclusion that these 
proposals are unacceptable. The belief that the trinomial typicus differs from 
other trinomials in e.ssential characters is refuted, and it is shown that the 
segregation of such a trinomial does not constitute a “new name.” In the 
face of widely (urculated misapprehensions the true meaning of Art. 30 and 
Art. 58 of the current Rules is reestablished. To take care of the inconveni¬ 
ences arising when the trinomial typicus is transferred, a modification is 
proposed to Art. 55, showing at the same time that Art. 18 on the .so-called 
“type method” is shot through Avith contradictions both in the text and in 
regard to Rec. iv and Rec. xviii of the current Rules. A brief account is 
given, based on exam])les, of the nature and function of the typic trinomial. 
It is shown hoAV this trinomial can be properly transferred even under the 
existing imperfect Rules. 

Arnold Arboretum, Harvard University 
Jamaica Plain. MA.«sArnrsETTs 
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THE STATUS OF CERTAIN ANOMALOUS NATIVE CRAB- 
APPLES IN EASTERN UNITED STATES 

Rooers McVaugh 

Well known to anyone who has grown apples from seed is the abandon 
with which these plants produce viable and fertile hybrid offspring. Inter¬ 
varietal and interspecific crosses are produced freely, not only among apples 
but among species of most of the related genera. The several genera of the 
apple family (or subfamily) have long been noted for this behavior, and 
much of the distress felt by earnest taxonomic workers in this and other 
rosaceous groups is traceable directly to it. The combination and recombina¬ 
tion of characters brought about by repeated crossing, coupled with the 
chromosomal irregularities which are often initiated by such hybridization, 
has made the positive segregation of genetically distinct species almost im¬ 
possible in certain populations. 

In view of this tendency toward hybridization, it is not surprising to find 
that fertile crosses can be produced between the common cultivated apple on 
the one hand, and the native American crabapples on the other. There has 
been little concerted effort to effect experimental crosses of this sort except 
with stocks of the prairie crab, Malus imnsis (Wood) Britton; this one 
species has been the subject of extensive investigations, chiefly by Professor 
N. E. Hansen of South Dakota, and some desirable new hardy hybrid stocks 
and varieties have been produced,^ Native crabapples are common, however, 
ill eastern United States, especially along the mountain chains from western 
New York to Alabama and Georgia, and there would appear to have been 
ample opportunity for cross-fertilization in this region, where the cultivated 
apple has flourished since its first introduction by the early coloni^Hs. 

As Professor L. H. Bailey has recently pointed out® in connection with 
his own studies of the blackberries, it is neither safe nor scientifically sound 
to assume hybridity for puzzling forms which do not fit one’s conception of 
any known species. The principal criteria of hybridity, as he goes on to say, 
are mostly three in number: (1) presence of the two [supposed] parents in 

the vicinity; (2) occurrence usually in small-numbers, as if incidental or 
exceptional to the main population; (3) characters that appear to belong 
only to ^he parents in various degrees of combination.^’ Actual proof of 
hybridity, of course, is sometimes possible by means of self-pollination (or at 

1 See, for example, the following by Professor Hansen: Plant Introductions (1895- 
1927). So. Dak. Exp. Sta. Bull. 224: 1-64. 1927; ibid. 309: 1-16. 1937; New Hardy 
Fruits for the Northwest, ibid. 339: 1-31, 1940; Taming tlie Native American Apple. 
Bep. So. Dak. Hort. Soc. 36; 61-62. 11940. 

aOentes Herb. 6: 7. 1941, 
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least controlled pollination) of suspected hybrids; hybrid seedlinj^s from 
continued crosses will eventually reproduce in some measure the combina¬ 
tions of characters found in the original species. Controlled crossing experi¬ 
ments are not always possible, however, especially wuth w^oody plants which 
take several years to come to maturity, so that the student must often content 
himself with observations on the plants as they occur in nature. 

Recently I have had occasion to collect and study material of the native 
crabapples, and my attention has been focused from time to time upon cer¬ 
tain trees which are atypical—trees which appear to be anomalous in the 
midst of the general population. These peculiar trees, occurring at widely 
separated localities from Delaware to Georgia and west to Indiana, look at 
first glance like crabapples which are but a little out of the ordinary. The 
technical characters are, for the most j)art, those of the American crabapples, 
so that any demonstration of their hybrid origin must rest upon their less 
obvious and perhaps intangible features. The most obvious difference be¬ 
tween these nonconformists and the ordinary native crabapj)le is that in the 
latter the leaves of vigorous shoots, and sometimes those of the fruit-spurs 
as well, are provided with broad sharp lobes, so that the blades sometimes 
simulate those of the red maple. In the aberrant individuals, on the otlier 
hand, the blades are less strongly or not at all lobed, and so sometimes 
resemble those of cultivated apples. 

Ill 1918 Professor Alfred Rehder designated as a new species Mains 
platycarpa, a native crabapple in which the leaves were said to be ‘^oval or 
elliptic, acute, serrate, not lobed, or sometimes slightly lobed at the end of 
vigorous shoots.’’ Thus was unwittingly created a (convenient repository for 
any native crabapple wdth unlobed or slightly lobed leaves; botanists since 
1918 have availed themselves of this to such an extent that the name Malus 
pUityciirpa has lost its specific application and is now used for a whole series 
of forms which appear to be of hybrid origin. We need not pass here upon 
the genetic constitution of Rehder’s original material, but his description, 
as wull be pointed out below, sounds jieculiarly like that of one of our sus¬ 
pected hybrids. 

The following table contrasts briefly the more obvious features of the 
cultivated apple with equivalent ones ])ertaining to the American crabapples 
of the Section Chloromeles (Decne.) Rehder;'^ the latter are considered as a 

3 It should he noted that if the name Sect. ChloromHes be used for the groui> of the 
American crabapples, it then becomes necessary to r('vive Sect. Calycomelett Koehne 
(Dcmtsch. Dendr. 257. 1893) for the group called by Rehder Sect. Eumalus Zabel. Koehne’s 
Section Calycomeles originally comprised all the 8i)ecle8 of Malus suj)po8cd by him to hav(j 
a persistent calyx, including the American species M, coronaria and M. angusiifolia, five 
Old World species having involute unlobed leaves (now referred by Rehder to Eumalus), 
and M, *^craiaegifolia** (Jf. florentina (Zuccag.) Schneid.), now referiTd by Rehder to a 
subsection of Sect. Sorhomalus* This latter species was apparently included in Calycomeles 
by an oversight or error, since according to Schneider and Rehder it has a deciduous calyx. 
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unit, the several species agreeing closely in technical characters. Also con¬ 
trasted below are the characters of the series of plaiits called Malus platy* 
carpa^ including not only the original platycarpa of Rehder, but also certain 
other native plants, referred to above, which have various features in com¬ 
mon. 


A 

Cultivated Apple 


B 

platycarpa** 


C 

Other American Crabs 
of Section Chloromeles 


Trunk becoming thick in 
age, often more than 30 
cm. in diameter. 

Branches not thorny. 

Leaves rolled (involute) 
in the bud. 

Leaves never lobed nor¬ 
mally, even on vigorous 
shoots. 

Fruits various in size, 
often 5-10 cm. in diam¬ 
eter. 

Fruit usually red or yel¬ 
low, or red-cheeked. 

Fruit with a small de¬ 
pression at apex, the core 
united with the desh and 
its apex not protruding. 
Pedicels short and stout, 
usually 1-2.5 cm. long, 
and up to 2 mm. in diam¬ 
eter. 

Pedicels and outer surface 
of hypanthiura densely 
pubescent at flowering 
time. 

Anthers pale yellow. 


Flowering season early. 


Trunk reaching a maxi¬ 
mum diameter of at least 
35 cm. 

Branches thorny or in 
some plants not at all so. 


Trunk usually-15 cm. in 
diameter or less, some¬ 
times reaching 25 cm. 
Branches usually defi¬ 
nitely thorny. 


Loaves folded (conduplicate) 
in the bud 


Leaves usually unlobed, 
or those of vigorous shoots 
lobed. 

Fruit often 4-6 cm. in 
diameter. 


Leaves regularly lobed, or 
those of the fruit-spurs 
unlobed. 

Fruit usually not more 
than 4 cm. in diameter. 


Fruit green, yellow, or Fruit green, yellowish- 
red-cheeked. green or yellow. 

Core with a free pointed apex 
not fused with the flesh of the 
fruit. 


Pedicels nearly like those 
of group C, but sometimes 
shorter and stouter. 


Pedicels and hypanthium 
usually pubescent, some¬ 
times densely so. 


Anthers pink or salmon 
color, or yellow with al¬ 
most no pink. 

Flowering season that of 
group A or slightly later. 


Pedicels slender, often 
3-4 cm. long, ab{)ut 1 mm. 
in diameter (exceptions 
in Ohio-Indiana region 
and w.) 

Pedicels and outer sur¬ 
face of hypanthium gla¬ 
brous (exceptions as above 
and pedicels sometimes 
sparsely piloSe). 

Anthers pink "or salmon- 
color. 

Flowering season late. 


It is at once evident, xipon dnspection of the table, that the platycarpa^ ^ 
group is morphologically intermediate between the American crabs and the 
cultivated varieties, showing an undoubted affinity to the former. Professor 
Bailey's third criterion of hybridity, the appearance in the supposed hybrid 
of charaeters belonging to the two parents, may be abundantly tested with 

The section Calycomeles may accordingly be typified by one of the remaining species. Since 
Behder has already typified his section Chloromeles, basing it upon M<jAm angusUfolia 
(Jour. Arnold Arb. 2: 49. 1920), there is left in CaXycomeles a group of species all of 
which have been included by recent authors in Eumalus, Since Calycomelea (1893) ante¬ 
dates Eumalus (1906) it is necessary to employ the former when using it as the name of a 
Section. The Section CaXycomeles may be typified by Malus sylvestris Mill. 
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respect to Mains platycarpa. Many of the characters of the American crabs 
appear to be wholly or partially dominant, so that all the supposed hybrids 
which I have seen resemble these species rather markedly. In this connection 
it is noteworthy that crabapples of known hybrid ancestry, specifically a 
series of the Hansen hybrids between forms of Mains ioensis and varieties 
of the cultivated apple, resemble the former very strongly. A series of these 
hybrids is available for study at the II. S. Plant Introduction Garden at 
Glenn Dale, Maryland; in all characters of leaves and branchlets they are 
strikingly similar to the ioensis parent. 

Although trees of the supposed platycarpa^^ stock have certain features 
in common, the stock is by no means a homogeneous one. Trees from different 
localities differ markedly in characters of the branches (chiefly in the greater 
or lesser number of thornlike branchlets present), in leaf-shape, and in size 
and other characters of the fruit. The fruits of platycarpa/^ while usually 
larger than those of the native crabapples, are as variable as might be ex¬ 
pected among the offspring of the hundreds of varieties of cultivated apples. 
They vary in shape from flat or depressed-globose (the shape of the original 
platycarpa) to globose (sometimes even becoming higher than broad); one 
tree near Andrews, North Carolina, bears apples of a sheep-nose type. In 
color these fruits vary from a dull green like that of some native crabs to a 
clear pale yellow not unlike that of the Transparent, or to a red-cheeked form 
re^sembling some of the cultivated crabapples. It seems altogether improbable 
that fruits of such diverse types should be produced by a single species, espe¬ 
cially since no other native species is known to vary in this way, and it seems 
probable that the different sorts have arisen following hybridization between 
native apples and cultivated varieties which are distinguished chiefly by 
fruit-characters (figs. 1, 2). 

In almost all the other characters which are readily studied, plants of 
Mains **platycarpa*^ the American apples rather than the European 
one; it is even possible, moreover, to suggest which of several species of native 
crabs may have been con(*erned in the supposed cross, chiefly through study 
of leaf-characters. In the region where Mains angustifolia is the only native 
apple, the southeastern Coastal Plain and Piedmont, the leaves of ‘^platy- 
carpa** invariably approach those of angustifolia in shape and petiole- 
length ; between Baltimore and Wilmington, however, where several colonies 
of platycarpa** are known, the leaf-shape and petiole-length of these plants 
approach that of M, coronaria, the prevailing species of that region (see 
figure 3). In areas like that in the vicinity of Asheville, North Carolina, 
where both M. angustifolia and M. coronaria and its relatives occur, it has 
not been possible to distinguish between the effects of the two species in 
crosses with cultivated varieties. 
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A character which is doubtless related to the g:enetic constitution of any 
given plant, but which is not readily evaluated except by comparative and 
simultaneous studies on whole series of plants, is that of date of flowering. 
This date is influenced to a considerable extent by regional and local climates 
and by other factors, and so varies somewhat from place to place and from 
year to year. Different species and varieties of apples, however, appear to 
bear a reasonably constant relation to each other in this respect. Where Malus 
glahrata, M. coronwria, and M, angmtifoUa grow together, the flowering 
period of the first two is a week or ten days ahead of that of M. angmtifolia, 
and is slightly preceded in its turn by the flowering of the cultivated apples. 
This relation appears to obtain regardless of season or locality. One would 
expect, therefore, that hybrids of Malus angustifoUa would be met with in¬ 
frequently, because of the rather considerable discrepancy between its flow¬ 
ering period and that of the cultivated stock. This is borne out in practice, 
so far as I have observed; most of the plants of plotycarpa*^ have been 
found in areas where M. coronaria is the only native species known to occur. 
Malus glahrata^ is not taken into consideration, as it is a rare species confined 
to high coves in the mountains of western North Carolina. 

Plants of Malus ^^platycarpa^^ regularly flower with or slightly later than 
cultivated apples in the same vicinity, and considerably ahead of ])lants of 
M, angusPifolia, but precede M, coronaria not more than a few days. In the 
vicinity of Washington, 1). C., on April 19, 1942, thickets of platycarpa^^ 
apples were budding, Avith pink-balloon-like ])etals just beginning to sepa¬ 
rate; in the same fields, immediately adjacent to these trees, were cultivated 
apples in full bloom, wdiile in Rock Creek l^ark not more than two miles away 
the native M, an gust ifolia had not yet begun to shoAv pink in its tiny buds. 
Near Newark, Delaware, and near Baltimore, Maryland, on May 3, 1942, 
orchards had passed the height of their bloom and ])lants of Malus **platy- 
carpa^^ A\ere dropping their petals, while nearby plants of M. coronaria were 
still partially in bnd. At the foot of Lookout Mountain, in Dade County, 
Georgia, on April 27, 1941, a ^^platycarpa’* tree had dropped most of its 
petals, as had cultivated trees; native trees in identical situation a feAv miles 
down the valley were just coming into flower. Two days later, near Blue 
Ridge, in Fannin County, Georgia, a specimen of Malus plafycarpa^* was 
in full bloom along the road, in marked contrast to nearby specimens of M. 
angustifoUa that were yet in bud. 

Explanation of figure 1. 

Fruits of supposed hybrid crabapples, natural size. Three large fruits in upper row are 
from McVaugh S441, Virginia, nog. 77765; three small round fruits in center are from 
MeVaugh 54S2y Maryland, neg. 77789; bottom row and the cut fruit are from McVaugh 
S497f Virginia, neg, 77917, Note variation in size, shape, color values, degree of glaucosity, 
and length of stem. Negative ninnbers refer to photographs in the dies of the Division of 
Plant Exploration and Introduction. 
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In regard to the second of the criteria of hybridity mentioned above, 
namely the presence of the two supposed parents in the vicinity of the sus¬ 
pected hybrid, it is noteworthy that most if not all the known occurrences 
of Malus *^platycarpa*^ have been in or near inhabited places where both 



Fig. 2. Fruits of native American crabapples, natural size. Top row, Malus angusti- 
folia (Ait.) Michx., from a collection by 0. M. Freeman, District of Columbia. The fruit 
is often lopsided (second from left) and the thickened peduncle is characteristic. Neg. 
77763. Second row, Malus glabrata Rehd., from McVaugh S49Sf a cultivated tree at Ithaca, 
New York. The fruit is yellow and characteristically flattened and angled; Neg. 77906. 
Bottom row, Malus coronaria (L.) Mill., from MoVcmgh 5443^ Perry Co., Pennsylvania; 
Neg. 77764. 

native and cultivated apples were also known. Malus platymrpa var. 
Hoopesii (Rehd.) Rehd., one of the many forms of **plaiycarpa*^ as that 
group is understood in this paper, originated in a nursery at West Chester, 
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Pennsylvania, and was sent to the Arnold Arboretum in 1876. According to 
notes made by T. G, Harbison, who collected the original specimens of MaXus 
platycarpa, the species occurred as ^‘scattered trees . . . near Franklin 
[North Carolina] at a distance of from 3 to 15 miles from the [original] 
locality.’’ Harbison is also quoted as saying ‘‘As this tree grows in the fertile 
soil of bottoms it has been nearly exterminated by the clearing of the val¬ 
leys.^’ 

In 1929, Doctor S. P. Blake discovered a thicket of ''platycarpa^^ crab- 
apples in Arlington, Virginia, on the outskirts of Washington, and more 
recently additional trees have been found a few miles further south, near 
the Arlington-Alexandria boundary. A thicket comprising thousands of 
plants of vigorously growing crabapples borders the main highway to Phila¬ 
delphia at the eastern boundary of the City of Baltimore, where these trees 
seem to compete favorably with ordinary wu)d plants in the vicinity. Further 
northeast, just south of Newark, Delaware, in a long-settled and intensively 
farmed area, several large trees of platycarpa^^ occur in a pasture. Further 
south and west suspected hybrids occur along roadsides near McArthur, 
Ohio, near Hendersonville, North Carolina, and at several places in northern 
Georgia. 

It is not always possible, naturally, to find cultivated apples, native crabs, 
and the putative hybrids between them, all growing happily together in the 
same thicket. In all the localities enumerated above, however, both possible 
parent types are known to ocour, either in the immediate vicinity of the sup¬ 
posed hybrids, or, at most, at distances of a few miles. Cross-pollination by 
insects is often effected over distances of this order of magnitude, and birds, 
or other animals, frequently carry seeds or whole fruits to similar distances 
from the parent plants, so that in this one respect a hybrid origin for all the 
known plants of Mains platycarpa*^ is entirely possible. 

The third criterion of hybridity, again to quote Professor Bailey, is “oc¬ 
currence usually in’small numbers, as if incidental or exceptional to the 
main population.’’ Without exception the plants of Mains platycarpa** 
known to me are isolated or anomalous trees, local in occurrence and differ¬ 
ing markedly from the remainder of the apple population in the vicinity. 
There are apparent exceptions to this near Baltimore and near Washington 
where Malus platycarpa** reproduces exceptionally w^ll by seed, forming 
extensive thickets. A clue to this behavior is found, however, in the fact that 
the seedlings making up these thickets agree with their elders exactly, leaf 
for leaf and feature for feature. Other species of Mahis, and species of related 
genera, including Crataegus, are known to behave in exactly this fashion; 
triploid and other types, apparently of hybrid origin, come true from seed 
even when exposed to foreign pollen. Some of these do not develop viable 
pollen of their own and are thought to have developed an apogamous or par- 
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tbenogenetic process by which fertile seeds are produced in the absence of any 
fertilization whatever. Few of the ^^platycarpa^^ plants have been investi¬ 
gated cytologically,* but such an investigation is highly desirable and might 
settle finally the question of the hybrid origin of these forms. Chromosome 
counts have been made upon some of the hybrids developed by Professor 
N. E. Hansen in South Dakota. One of these, Kola, was determined to be a 
tetraploid (2n = 68) by Nebel;® other varieties have been investigated by 
Professor P. B. Lincoln of the University of Maryland, who finds that the 
chromosome number varies from 34 in some varieties to 51 or 68 in others. 
The parents of the triploid and tetraploid varieties are themselves said to 
be normally diploid.^ 

The total of the evidence at hand, although this evidence is chiefly infer¬ 
ential, indicates a probable hybrid origin for a series of forms which have 
been known collectively as Mains platycarpa.^^ Although it is clearly unsafe 
to predicate the hybrid nature of plants known from herbarium specimens 
alone, it appears from such specimens and from the description of Mains 
platycarpa var. Hoopesii and the original M. platycarpa of Rehder that 
these are also to be regarded with suspicion. 

Some of the collections referred by botanists to Mains platycarpa may 
have been taken from aberrant individuals of genetically pure species, but 
it is highly improbable that the entire series of plants discussed in this paper 
has arisen through variation alone. Much additional information is needed 
in order satisfactorily to establish the status of these anomalous trees, and 
botanists and collectors will do well to make ample notes and full collections 
from them at every opportunity. 

Following is a discussion of the material upon which the present paper 
is based: 

Delaware: Three miles south of Newark, Newcastle Co., McV.^augh 649 
Several round-headed open-grown trees in a pasture, the largest* about 8 m. 
tall and with a single trunk about 35 cm. dbh. Branches not at all thorny; 
leaves slightly lobed on vigorous shoots; pedicels definitely hairy; petals 
almost all fallen on May 3, 1942; fruit somewhat flattened, not over 4 cm. in 
diameter, resembling tW of native species. Native species are not abundant 
in this vicinity^ but are known to occur locally near Christiana (about 10 
miles away) and in southeastern Chester Co., Pennsylvania (at about the 
same distance). 

< A report of the occurrence of tetraploidy (2n»= 68) in Malus platycarpa was made 
recently by F. B. Lincoln and L. P. McCann (Proc. Am. Soc. Hort. Sci. 34; 26. 1937), but 
the source of the material was not stated and there appears to be no way to check its 
authenticity. 

0 Gartenbauwiss. 1; 549-592. 1929. 

oProc. Am. Soc. Hort. Sci. 37; 217. 1940; S. Dak. Exp. Sta. Bull. 339;'’ll. 1940. 

^ Herbarium specimens cited in this paper, unless otherwise indicated, are deposited in 
the Herbarium of the United States National Arboretum, Washington, D. C. 
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Maryland : Along U. S. Highway No. 40, east of Baltimore City Limits in 
Baltimore Co., McVaugh 5462 (Sept. 29,1940, in fruit) and 5500 (April 20, 
1941, in bud). Hundreds of vigorous plants forming extensive thickets over 
an area more than a mile long; the plants commonly have an upright habit 
quite distinct from that of the ordinary native apple. Branches not at all 
thorny; leaves slightly lobed on vigorous shoots; pedicels white-tomentose; 
petals fallen and fruit slightly enlarged on May 3,1942; Fruit 3.1-3.7 cm. in 
diameter, 2.8-3.4 cm. high, greenish-yellow, glaucous, faintly odorous and 
very slightly waxy; seeds none, or 1-4. Native species are not abundant in 
this region, but plants occur locally at points 1-5 miles distant. Figures 1, 3. 

Virginia: 1. Thickets at corner of Glebe Road and Washington Boule¬ 
vard, Arlington, McYaugh 5497 (October 24, 1940, in fruit). From the same 
thicket, 8. F, Blake 10831 (April 23,1929, in flower, Oct. 15, 1929, in fruit). 
About twenty scattered plants on gravelly overgrown hillsides. Branches 
somewhat thorny; leaves slightly lobed on vigorous shoots; buds beginning 
to open on April 19, 1942; fruit flattened, 3.9-5.2 cm. in diameter, 2.9-3.5 
cm. high, yellowish-green, glaucous, fragrant and slightly waxy; seeds 
usually about 5. Native crabapples are scarce in this region; a few supposedly 
native plants of Mahia anguatifolia are known from the District of Colum¬ 
bia. Figures 1, 3. 

2. Abandoned pasture, lowlands called ‘‘HelFs Bottom, south of Colum¬ 
bia Pike and east of Arlington Ridge Road, Arlington, McVangh 5idl, 5442 
(September 15, 1940, in fruit). Specimens from the same locality, F, R. 
Fosherg 16971 (flower) and 17432 (fruit), are to be distributed. About 
twenty small trees associated with cultivated apple (seedlings?). Branches 
not or but slightly thorny; leaves lobed on shoots, suggesting the shoot-leaves 
of Mains angustifolm (fig. 3); pedicels hairy; buds balloonedon April 
19, 1942; fruit flattened, 3.5-4.5 cm. in diameter, 2.5-3.5 cm. high, greenish- 
yellow, usually with a red cheek, glaucous, almost without fragrance and 
waxy covering (fig. 1) ; seeds 4^10. 

North Carolina : 1, Roadside thickets 4.5 miles north of Hendersonville, 
Henderson Co., McYaugh 5632. A single tree about 6 m. tall, with spiny 
branches, associated with Mains angustifoUa and cultivated apples. Leaves 
not lobed; plant in full bloom on April 30, 1941, when M. angustifoUa in the 
same thicket was still partially in bud; jiedicels hairy or tomentose; anthers 
yellow or very faintly pinkish; fruit unknown. Native crabapples are abun¬ 
dant in this region. 

2. Roadside 3.4 miles west of Franklin, Macon County, McVangh 5624. 
A single plant; branches not spiny; growth and bark like those of the culti¬ 
vated apple; leaves very slightly lobed on vigorous shoots; plant in full 
bloom on April 29, 1941, slightly in advance of nearby trees of M. angnsiu 
folia; pedicels hairy; anthers cream-yellow, slightly pink-tinged; fruit un¬ 
known. Native crabapples are abundant in this region. 

3. Edge of cultivated field 4.2 miles northwest of Andrews, Cherokee Co., 
McVaugh 5618. A single open-grown tree about 6 m. tall, the branches 
scarcely spiny; leaves somewhat lobed on vigorous shoots; pedicels hairy; 
flowers almost all open on April 29, 1941, somewhat in advance of nearby 
native trees; fruit of the last (1940) season fallen at this date, mostly about 
4 cm. in diameter, a little longer than broad, slightly sheep-nosed. Native 
apples are not abundant in this region, but occur sparingly throughout. 
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Fig. 3. Leaves of representative American crabapples and supposed hybrids, in seven 
groups. Each group comprises two or more leaves from a single tree, including the follow¬ 
ing types; 1) A large leaf from a vigorous shoot; this leaf indicates the maximum size 
and maximum degree of lobing for the tree in question. 2) Leaves from the base of vigor¬ 
ous shoots or those produced by fruit-spurs after the flowering season; these two types are 
indistinguishable. Leaves of this sort are regularly smaller and narrower than the lobed 
leaves from vigorous shoots. 3) Small leaves from the fruit-spurs; these are present at 
flowering time and persist until late in the season; they are usually not lobed except in 
M. glahrata and in forms of M. coronaria and M. ioenms. Neg. 79705. All leaves about 
natural size. 

Bottom row, left to right; 

M, * * platycarpa/* McVaugh 5462^ Baltimore, Maryland. Note the relatively long 
petioles in this group and two following. 

M, coronaria (L.) Mill., B, Long 16985 (in herb. Morris Arboretum), from Newcastle 
Co., Delaware (three largest leaves), and McVaugh 6495^ Chester Co., Pennsylvania (two 
small leaves). Note that lobed and unlobed leaves may be found on the same plant. Some 
forms of M, coronaria have more strongly lobed leaves, with sharper serrations, than d,o 
those shown here. 

M. * * platyoarpa^^ * McVaiigh 5765, Vinton Co., Ohio. 

Top#row, left to right: 

M, a/hgusitifolia, McVo/ugh 5227, Talbot Co., Georgia. This is not an unusual leaf-form 
in this species, although forms with crenate leaves are common. Note the short petioles in 
this group and the three following. 

M, platycarpa Behd., Harhitton, April 22, 1911,^' from Macon Co., North Carolina 
(in XT. S. National Herbarium). The date is apparently erroneously given; ttfe maturity of 
the specimen indicates that it was collected in the fall. 

M, * * platycarpa,* ^ MeVa/ugh 5497 (two at top) and Blake 10821 (at bottom), Arling¬ 
ton, Virginia. 

M, * * platycarpa,* * McVaugh 5441, Arlington, Virginia. 
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Georgia : 1. Roadside, edfi^e of field, 2.2 miles east of Blue Ridge Hotel, 
Blue Ridge, Fannin Go., McYmgh 5614. A single open-grown tree about 6 m. 
tall; branches not spiny; growth and bark like those of the ( 5 ultivated apple; 
leaves not lobed; pedicels and calyx hairy; plant in full bloom on April 29, 
1941, slightly in advance of trees of M. angustifolia in the same valley about 
2 miles further west; fruit unknown. 

2. Pasture on Bible Farm 1 mile north of Sulphur Spring Station, Dade 
Co., McVaugh 5594. A single open-grown tree about 8 m. high. Branches not 
spiny; leaves not lobed; pedicels and calyx more or less tomentose; petals 
almost all fallen on April 27, 1941; on the same day Malus miguHtifolia at 
Valley Head, Alabama (also at the foot of Lookout Mountain) was in full 
bloom, and at the summit of Lookout Mountain near DeSoto Falls the same 
species was in bud. Native crabapples are abundant in this region. 

Ohio : Roadside bank in woods above stream, 4 miles northwest of Mc¬ 
Arthur, Vinton Co., McVaugh 5765, July 4, 1941. A single tree about 5 m. 
tall; branches scarcely spiny; leaves and habit like those of the cultivated 
apple, the leaves not at all lobed except on the most vigorous shoots; pedicels 
hairy at the above date; flowers and mature fruit unknown; core of imma¬ 
ture fruit that of the section Chloromeles. Figure 3. Native (*rabapples occur 
throughout this region. 

SUMMARY 

At various localities in eastern Ignited States occur trees which are cer¬ 
tainly derived from native American sources but which do not comprise a 
homogeneous stock and which 1) Occur as anomalous or isolated individuals 
or groups in the midst of undoubted native populations, and 2) are morpho¬ 
logically and physiologically intermediate between native species and the 
introduced, cultivated apple. This series of forms is usually characterized by 
fruit larger than that of the American crabapples and by leaves possessing 
a lesser degree of lobing than those of the native species. Most of these forms 
have been called ^^Malus platycarpa Rehd.’^ or ^*Malus plafycarpa var. 
Hoopem (Rehd.) Rehd.^’ It is inferred from observation and from compari¬ 
son with hybrids of known parentage that most, if not all, of the plants 
previously referred to Mains platycarpa, including probably the original 
material and that of var. Hoopesii, are of hybrid origin. It is supposed that 
hybridization has taken place between cultivated apples and native species 
of Mains, section CMm^omelcs, occurring in the same region. Experimental 
proof is needed to confirm this hypothesis. 

Division of Plant Exploration and Introditotion, 

Bureau of Plant Industry, 

IT. S. Department of Agriculture, Beltsville, Md. 
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CHROMOSOMES OF ASTRAGALUS 

Hilda Vilkomebson 

Some species of Astragalus absorb and accumulate selenium from sele- 
niferous soils; other, closely related species do not (15). Preliminary to a 
genetic study of this physiological variation, a survey was made of the chro¬ 
mosome number relationships in 26 North American species of Astragalus, 
whose responses to selenium have been determined by Death and by Trelease 
(1,15). 

Germinating seeds of the various species were obtained from Prof. Sam 
F. Trelease. Chromosome numbers were counted from metaphase plates of 
seedling root-tips fixed in Craf (modified Navashin) fluid, sectioned at 12 p 
(Randolph’s card technique (8) being used for handling large numbers of 
roots), and stained with Newton’s crystal violet-iodine. 

Of the 26 species studied, 11 have 24 chromosomes (2n; fig. 1). All these 
are selenium absorbers, as is also the one 44-chromosome species (fig. 2). 
One species, a non-absorber, has 16 chromosomes (fig. 3). Thirteen species 
have 22 chromosomes (fig. 4), and of these, four are selenium absorbers, nine 
non-absorbers.^ Prom Table 1 it is evident that members of the Lonchocarpi 
or of the Podo-sclerocarpi groups are the desirable species for genetic study 
of selenium absorption, since these groups include species of like chromo¬ 
some number and unlike reaction to selenium. 

With a single exception, the karyological evidence supports the taxonomic 
grouping of M. E. Jones’ revision of the genus (4). His group Galegiformes, 
however, includes species which differ both in selenium response ^nd in chro¬ 
mosome number {Astragalus Drummondii and A. racemosus). According to 
Rydberg’s classification (12), too, these species would be grouped together 
in the genus Tium (table 2). Likewise, the cytological findings do not sup¬ 
port the unity of Rydberg’s genus Cnemidophacos. Physiologically this group 
of species is homogeneous; but here the disparity in chromosome number is 
paralleled by considerable morphological divergence (4). Indeed, Rydberg 
in earlier treatments of this material (9, 10) had recognized this difference 
by using two generic names— Cnemidophacos for A. flavus and A. conferti- 
fiorus, ai^d Ctenophyllum for A. Orayi and A. pectmatus. Gray made a like 
distinction (3). As for Rydberg’s Phaca PreussU, his earlier grouping of 

species of the very closely related genus Qryiropi»-^, pinetoir^m (Heller) 
Eydb. (0. saximontama Nels.), which is an important ^‘loco^^ weed, though not a selenium 
absorber—^was studied. The 2n number is 48. Some so-called loco weeds actually belong in 
the genus Astragalus (e.g., A. molUssimus and A. Earlci ); seedlings of these, however, 
were not available for study. 
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this species with Jonesiella Patterxoni and J. praclongtts (11) would seem 
justified. 

In previous cytological studies of Astragalvs, ten workers (14) have re¬ 
ported chromosome numbers for 44 Old World species and 4 New World 

TABLE 3 


Species (Jones ’ revision) 


Selenium Chromosome 
absorption number (2n) 


Inflali 

Asiragalun lentiginoaus var. palans Jones 


Podo-sderocarpi 

A. toanus Jones + 

A. rafaelensis Jones ■+ 

A. Grayi Parry + 

A. peciinaim Dougl. + 

A, Casei Gray 
A. pferocarpm Wats. 

A. trirapterm Gray 
A. Hderocarpns Gray 

A, canonis Jones . - 


PreiiSHU 

A. Preunm Gray f 

A, limafus Sheld. ^ 

A. Pattersonii Gray -f 

A. praelongun Sheld. {Paftrrsonii var.) H 

A. Beafhii Porter I 


UUginosi 

A. canadensis Tourii. in L. (=.4. earohnianus Mac- 
Mill., not L.) 

Sar cocar pi 
A. crassicarpm Nutt. 


Ocrcafi 

A. confertiflorns Gray + 

A. flavm Nutt, (conferfifloras var. flavifloras 

Kimtze) f 

Bisulcali 

A. haydenianus Gray + 

A. bisulcatvs (Hook.) Gray ^ 

A, ooralycis Jones + 

Gale gif ormcs 

A. raccmosus Pursh + 

A. Vrnmmondii Hook 

Lonchooa/rpi 

A. OsterhouUi Jones . + 

A, lonchocarpns Ton*. 


22 

22 

22 

44 

22 

22 

22 

22 

22 

22 


24 

24 

24 

24 

24 


36 


22 


24 

24 


24 

24 

24 


24 

22 


22 

22 


species. Thirty-three of these have the 2n niunber 16, three species have 32, 
one 36, four 48, five 64, and one 96. There is one 28-chromosome species. 
Both Senn (13) and Kreuter (6, 7) emphasize the consistency of the basic 
chromosome number 8 throughout the Galegeae, and the latter cites Astra¬ 
galus as ail “especially behutiful example” of this uniformity. Even though 
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only a small percentage of the species of this enormous genus has been 
studied (it contains some 1500 species), this strict uniformity is not wholly 
borne out by the data on our North American species. To fit the pattern of the 
species previously studied (basic numbers 7 and 8), we might derive the 24- 
and 22-chromosome groups from hybrids of species with 32 and 16 chromo¬ 
somes and 28 and 16 chromosomes, respectively. Such triploid species would 
be highly unstable, however, owing to irregular meiotic pairing. The 22-chro- 
mosome group could have arisen by aneuploid loss from a 24-chromosome 
form. Indeed Kreuter (7) indicated the possibility that further study might 
be expected to show Astragalus species which had ‘‘arisen by a diminutions^ 
of chromosome number. Somewhat suggestive of such a relationship is this 
portion of the phylogenetic tree proposed for Astragalus in Jones’ mono¬ 
graph. (The selenium-absorbing species, apparently, are restricted to these 
two branches.) 



But in the Leguminosae, as in the Cruciferae, aneuploidy is a common rela¬ 
tion between tribes and between genera, but not within genera (13). There 
remains, then, only the assumption of the basic numbers 8,11, and 12 for our 
species. 

The sporadic occurrence of isolated polysomatic cells is not uncommon in 
Astragalus, nor is it restricted to this genus of the Leguminosae. Tschechow 


TABLE 2 


^' Species (Rydberg ^s revision) 


Eomalohus podocarpus (Hook.) Rydb. (A. selero- 
car pm) . 

Diholcos hisulcatus (Hook.) Rydb. 

I>. haydenianus (Gray) Rydb. 

J>, ooealycis (Jones) Rydb. 


Selenium 

absorption 


+ 

+ 

•f 


Cliromosome 
number (2n) 


22 

" 24 
24 
24 
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TABLE 2 (Contimied) 


Species (Rydberg revision) 


Cnemidophacos flavus (Nutt.) Rydb. . . 

U, <?ow/er<t7?orw« (Gray) Rydb. 

C. toanua (Jones) Rydb. . 

C, rafaelenais (Jones) Rydb. , . 

C, Grayi (Parry) Rydb. . . 

C. pectinatus (Dough) Rydb. 

Xylophacos Casei (Gray) Rydb. . . 

Pterophaeos pterocarpus (Wats.) Rydb. 

P, tetrapterus (Gray) Rydb. 

Lonchophaca macroearpa (Gray) Rydb. (A. loncho- 
carpuH) 

L, Osterhoutii (Jones) Rydb. 

Phaca Preussii (Gray) Rydb. 

P. Crotalariac Benth. (A, limatus) 

Tium Drummondii (Dough) Rydb. 

T. rac€7nomm (Pursh) Rydb. 

T. palavs (Jones) Rydb. 


Selenium 

absorption 

+ 

+ 

+ 

+ 

‘f 


+ 

+ 

+ 

+ 


Chromosome 
number (2n) 

24 

24 

22 

22 

44 

22 

22 

22 

22 


22 

22 

24 

24 

22 

24 

22 


Brachyphragma Serenoi (Kuntze) Rydb. (A. canonis) 


22 


Jonesiclla Pattrrsoni (Gray) Rydb. 
J. praelonga (Sheld.) Rydb. 


+ 24 

+ 24 


Astragalus cariadcnsis L. 

Geoprtlmnon rrasstcarpum (Nutt.) Rydb. 


16 

22 



Fig. 1. Somatic metaphase.of Astragalus Preussii (2n = 24). Fig. 2. A, Grayi (2n 
44). Fig. 3. A. canadensis (carolinianus) (2n = 16). Fig. 4. A. toanus (2n = 22). Fio. 
, Pdlysomaty in A, cafionis, showing 22 pairs of chromosomes. In later divisions, such 
cells show 44 chromosomes, unpaired. 
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(16,17) reported such cells in two of the species he studied— A, altmeus and 
A, candidissimus. In the latter, indeed, he sometimes found tetraploid num¬ 
bers (syndiploid he calls them) in up to 40 per cent of the metaphase plates. 
In our material such cells were found in three of the species studied— A. 
Dmmmondiif A. ioammy and A. cmanu —^but here they were very rare 
(fig. 5). Polysomatic cells have been reported, in varying degrees of fre¬ 
quency, for species of several other leguminous genera: Acacia, AlHzzia, 
Canofocdia, Cassia, deer. Glycine, and Phaseolus (2, 5, 6, 17). 

SUMMARY 

Chromosome numbers are reported for 26 North American species of 
Astragalus and are correlated with selenium absorption data. Possible phylo¬ 
genetic interrelations are discussed. Polysomaty is reported in three species. 

The author is grateful to Professors M. M. Rhoades and Sam P. Trelease 
for their interest and helpful suggestions. 

Department op Botany, Columbia University 
New York 
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INJURIES TO TREES CAUSED BY CELASTRUS AND VITIS" 

H. J. Lutz 

Observations by the writer over a period of years have revealed that 
bittersweet {Celasirus scandens L.) and grape (Vitis aestivalis Michx., F. 
vulpina L.„ F. labrusca L., and F. bicolor Le Conte) vines cause distinctive 
injuries to the stems and branches of young trees. These climbers, which are 
common or locally abundant in the forests of the eastern United States, are 
relatively intolerant of shade and are encountered most frequently in stands 
of young trees, in understocked stands and near forest borders. In other 
words, they are most abundant in stands representing early stages of suc- 



Fio. 1. A, B, and C, stems of Sassafras alhidnm (Nutt.) Neea. showing the injury 
caused by Celastrus scandens L, B, a longitudinal section through the stem A (1/10 natural 
size). D to H, stems injured by Vitis spp. U, E, and F, Acer rubrum L, G, Acer saccharum 
Marsh. H, Hamamelis virginiana L. (i natural size), 

cessional development; as stand density increases the number and vigor of 
the vines decreases. South and west slopes appear more favorable for their 
development than are north and east slopes. Other vines such as poison ivy 
(Bhus^ toxicodendron L.) and the Virginia creeper (Psedera quinquefoUa 
(L.) Greene) climb trees but they do not twine around the stems so as to 
cause constrictions. Poison ivy climbs by means of rootlets whereas the 
Virginia creeper has tendrils which are usually terminated by enlarged 
adhesive discs. 


1 IllustratiouB published with the aid of the Lucien M. Underwood Memorial Fund. 

436 









19431 


LUTZ: INJURIES TO TREES 


437 


The injury resulting from bittersweet is caused by the vines twining 
tightly around stems and branches of young trees and inhibiting, if not com¬ 
pletely stopping, downward translocation of organic solutes. These organic 
substances, which are elaborated in the leaves, move downward through the 
tree stem in what is sometimes referred to as the ^‘descending stream of 
assimilates.’^ The pathway of this descending stream is very largely through 
the phloem, or more specifically, through the sieve tubes in the phloem. When 
normal movement of organic materials is prevented by constriction of 



Fig. 2. Stems of Liriodendron tulipifera L. (left) and Pinus sirohvs L. (right) in¬ 
jured by bittersweet (1/10 natural size). The longitudinal sections show the character of 
the internal injury. 

the phloem these substances accumulate in the region immediately above 
the point where stoppage occurred. The situation is quite analogous to that 
which exists when a tree stem or branch is subjected to ringing, that is, when 
the tissues external to the xylem are com})letely removed. 

In twining around a tree stem the bittersweet vine takes a spiral course, 
the angle formed with the horizontal usually being between 50 and 70 
degrees. With this relatiyely low pitch of the spiral, friction between the tree 
stem and vine stem is sufficiently great to prevent the latter from being 
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loosened to accommodate radial {jrrowth of the tree. Consequently, .normal 
radial grrowth of the tree stem continues for only a brief period, usually one 
or two years, after the vine has become attached. Bittersweet is a dextrorse 
climber. 

As a result of the damming of the descending stream, increment immedi¬ 
ately above a constricting vine is greatly increased whereas immediately 
below increment is greatly lessened, or may cease. This is illustrated in 
figures 1 (A, B, C) and 2,“ Trees usually are not killed by bittersweet vines 
because new conductive tissues are formed in which the axes of the elements 
are parallel to the spiral constrictions. Figure 3 illustrates this change in 



Fio. 3. Serial tangential sections showing the orientation of elements in a sassafras stem 
injured by bittersweet. In the section at the left, from a plane near the center of the st^in, the 
orientation is normal. These tissues were developed before the injury. The section in the center, 
from a plane midway between the pith and the outside, shows the elements oriented approxi¬ 
mately parallel to the spiral constriction. The section at the right shows an even more extreme 
change in orientation of elements in the outeraiost growth layers (y 50). 

orientation of elements in a sassafras stem. Iq. stems such as those shown in 
figure 1"( A, B, C) the course taken by the downward moving organic solutes 
' is a spiral. 

« An injury similar to that caused by bittersweet is figured as the frontispiece in the 
April, 1942, issue of the Journal Fore^tidre Suisse. The illustration referred to shows the 
effect of a honeysuckle vine on a young ash stem. It is obvious that the longitudinal section 
• figured in the Swiss journal is upside down. 
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Not infrequently death of young trees has resulted from the presence of 
vines. With the flow of organic solutes to the roots stopped, the reserve food 
materials are gradually used up and the parts below the constriction die of 
starvation. In these cases the development of new conductive ti.ssue was 
evidently so slow that the roots died before their organic food supply could 
be reestablished. As long as the roots remain alive upward conduction of 
water and inorganic solutes takes place even though the constricting vines 
may prevent the downward movement of organic assimilates. This is ex¬ 
plained by the fact that the pathway of the upward moving stream is 
through the xylem. 

Trees have been encountered which, though girdled, continued to live, in 
spite of the fact that downward movement of organic substances to the roots 
seemed impossible. It is likely that the roots of these injured trees were ob¬ 
taining their organic nutrients from adjacent normal trees to which they 
were root-grafted. Root-grafting is evidently very common in forest trees. 

In addition to the damage resulting from occlusion of bittersweet vines 
and bark in tree stems and the development of very abnormal wood struc¬ 
ture, avenues are ojiened for entry of decay and wood borers which may 
render the affected trees worthless. All species of trees are subject to injury 
but hardwoods are more commonly damaged than conifers. The relatively 
dense crowns of the latter result in unfavorable light conditions for the 
intolerant bittersweet. 

Grape vines cause a minor but interesting type of injury as a result of 
their tendrils coiling tightly around small tree stems and branches. Injuries 
of this character are illustrated in figure 1 (D to II). The tendrils cause a 
deformation of the tree parts analogous to that resulting from bittersweet 
and very frequently are occluded in the stems or branches. It is not uncom¬ 
mon to find a stem or branch so weakened by a tendril that it has broken off 
at the point of constriction. 

The most serious injury from grape vines, and from other climbers such 
as poison ivy and the Virginia creeper, is the deformation and shading of 
tree crowns which they cause. Substantial damage to seedlings and middle- 
aged trees is commonly .seen. During cultural operations in the forest it is 
good practice to sever the stems of all vines which are climbing trees. Excep¬ 
tions may be made where the owner wishes to retain the vines as sources of 
food for wild life. 

School of Forestry, Yale University 
New Haven, Connecticut 
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about Aster foliaceus Lindl. Am. Midi. Nat. 29: 429-468. pi. t-17. Mr 
[Ap] 1943, 

Dayton, W. A. The names of the giant Sequom. Lcafl. West. Bot. 3: 209-219. 
30 Ap 1943. 

Diddell, M. W. Polypodium peel mat nm as an epiphyte. Am. Fern Jour. 33: 29. 
Ja-Mr [1 Ap] 1943. 

Diddell, M. W. &; Shields, E. M. A moss new to Florida. Bryologist 46: 22, 23. 
Mr [10 My I 1943. 

Dole, W. H. Hart's-toiigues in a limestone grotto. Am. Fern Jour. 33: 30. Ja- 
Mr [1 Ap>1943. 

Dixon, H. N. War zone mosses. Bryologist 46: 14-22. Mr [12 My] 1943. 
Dunkle, M. B. Contributions from the Los Angel(*s Museum—('haimel Islands 
Biological Survey. 28. Three new plants from Ban Clemente Island. Bull. 
8. Cal. Acad. 42: 31-33. 15 My 1943. 

Eames, A. J. A St. John, H. The botanical identification of the Hawaiian Ipu 
Nui or large gourd. Am. Jour. Bot. 30: 255-259. f. IS. Ap 1943. 
Eastwood, A. Some veronicas in Golden Gate Park. Lead. West. Bot. 3: 220- 
222. 30 Ap 1943. 

Epling, C. The American species of Scutellaria. Cal. Pub. Bot. 20: 1-146. pi. 
IS + ISO. 21 J1 1942. 

Ewan, J. Asplenium septentrionale in California. Am. Fern Jour. 33: 29. Ja- 
Mr [1 Ap] 1943. 

Ewan, J. The correct name for the Pacific involucrate Trifolium. Loafl. West. 
Bot. 3; 222-224. 30 Ap 1^43, 
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Byles, M. a Ik Eyles, D. B. A local flora of the Beelfoot Lake region of West 
Tennessee. Jour. Tenn. Acad. 18: 108-136. Ja [3 Ap] 1943. « 

Barwell, O. A. Fern notes, IV: Supplementary remarks on the ferns of the 
Keweenaw Peninsula, Michigan. Am. Fern Jour. 33: 8-10. Ja-Mr [1 Ap] 
1943. 

Fassett, N*. 0. Some new forms from the Middle West. Torreya 42: 179-181. 
illust N-D 1942 [24 Ap 1943]. 

Femald, M. L. The fruit of Dirca palmtria, Bhodora 46: 117-119. 10 Ap 1943. 
Femald, M. L. Sdrpus PecJcii in Canada. Bhodora 45: 168, 10 Ap 1943. 
only, C. L. A preliminary investigation of the North American canes (Arundi- 
naria). Bull. Torrcy Club 70: 297-309. /. 7, 1 My 1943. 

Goodman, G. J. Notes on Chorinfanthe, Iteafl. West. Bot. 3: 230. 30 Ap 1943. 
Goodwin, B. H. The flora of Mendon Ponds Park. Proc. Bochester Acad. 8: 
233-298. /. jr-d. 27 Ap 1943. 

Gordon, B. B. The Darlington Herbarium^’ at West Chester. Bartonia 22: 
6-9. 7 My 1943. 

Graham, B. McMlnn, H. £. Ornamental shrubs and woody vines of the Pacific 
Coast, with a chapter on the structure and functions of flowering plant 
organs. 1-259. pL 1S£ + /. 1-4^. Berkeley, Cal., Gillick Press, 1941. 

Grant, E. A Epling, 0. A study of Pycnanthemum (Labiatae). Cal. Publ. Bot. 
20: 195-240 .1 f. 10 Ap 1943. 

Grout, A. J. Note on Hypopterygium, Bryologist 46: 24. Mr 110 My] 1943. 
Harper, F. Qvercns incana Bartram. Bartonia 22; 3. 7 My 1943. 

Hitchcock, 0. L. The xerophyllous species of Philadelphna in Southwestern 
North America. Madrono 7: 35-56. /. 7. Ap 1943. 

Hopkins, M. A Waterfall, U. T. Notes on Oklahoma plants. Bhodora 45: 113- 
317. 10 Ap 1943. 

Howell, J. T. Marin County miscellany—I. Leafl. West. Bot. 3: 225-229. 30 
Ap 1943. 

Howell, J, T. New Californian localities for Parhystima. Leafl. West. Bot. 3: 
232. 30 Ap 1943. 

Howell, J. T. New varieties of western plants—III. Leafl. West. Bot. 3: 230- 
232. 30 Ap 1943. 

Howell, J. T. Sibara on Ccdros Island. Leafl. West. Bot. 3: 229. 30 Ap 1943. 
Xrdnde-Marie, Frere fitude de la flore desmidiale de la region du Lac St. Jean. 
Nat. Canad. 70: 5-19. J-F |My] 1943. 

Irving, F, N. Pteris vittata hardy in Washington, D. C. Am. Fern Jour. 33: 
28. J-F [1 Ap] 1943. 

Jepson, W. L. A flora of California 3*: 129-144. /. 366-461» ITniv. Cal., Berkeley 
5 My 1943. 

Johnston, I, ML Noteworthy species from Mexico and adjacent United States, I. 

Jour. Arnold Arbor. 24: 227-236. Ap 1943. 

Jones, G. N. ^ Jones, F. F. A revision of the perennial species of Geranium of 
the United States and Canada. Bhodora 46: 5-26. 16 Ja 1943. 

Kearney, T. H. A Peebles, B. H, GiUa multiflora Nutt, and its nearest relatives. 
Madrono 7: 59-63. Ap 1943. 

X«einon, P, 0. Car ex flexuosa in Minnesota. Bhodora 46: 167, 10 Ap 1943. 

ILedn, Frere Contribution a U4tude des palmiers de Cuba. VII. Nouveaut4s dans 
les palmiers royaux de Cuba oriental. Mem. Soc. Cubana Hist. ]S^at. 17: 
1-14. ph 1-3, 3 Ap 1943. 
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Ley, A. A taxonomic revision of the genus Eolodiscus (Rosaceae). Bull, Torrey 
Club 70: 275-288. /. 7-7 7. 1 My 1943. 

Little, E. L. Homonyms among names of trees and fossil plants. Jour. Wash. 
Acad. 33; 130-135. 15 My 1943. 

Little, £. L. Notes on the nomenclature of Carya Nutt. Am. Midi. Nat. 29: 
493-508. Mr [Ap] 1943. 

Ltmdell, 0. L. (and collaborators). New vascular plants from Texas, Mexico and 
Central America. Am. Midi. Nat. 29: 469-492. /. 1-Si. Mr (Ap] 1943. 
McCUutock, £. A Epllng, O. A review of the genus Monarda (Labiatae). Cal. 

Pub. Bot. 20: 147-194. /. 1-16. 19 N 1942. 

Maguire, B. A monograph of the genus Arnica. Brittonia 4: 386-527. /. 1-101. 
Mr 110 Ap] 3943. 

Merrill, £. D. A Perry, L. M. Plantae Pai)aunae Archboldianeae, XTT. Jour. 
Arnold Arb. 24: 207-217. Ap 1943. 

Moore, H. £. A revision of the genus Geranium in Mexico and Central America. 

Contr. Gray Herb. 146: 1-108. pi. 1—5. 24 My 1943. 

Moran, R. A revision of Dudleyat subgenus SU/loj>hyUum —III. Desert 15: 

24-28. f. 5-8. P [Ap], TV. 16: 40-44. f. 8-10. Mr [My] 3943. 

Ogden, £. 0. The broad-leaved 8i)ecies of Poiamoyeton of North America north 
of Mexico, lihodora 46: 57-105. pi. 746-748. 18 Mr 1943, 119-163. 10 Ap 
1943, 171-214. f. 14-16. My 1943. 

Osorio Tafall, B. F. Notas sobre algunos Dinoflagelados planctonicos marinos 
de Mexico, con descripcion de nuevas especics. An. Es. Nac. Cicn. Biol, 
(Mexico] 2: 435-447. pL 84-86. 25 D 1942. 

Pease, A. 8. Polyyoniim purifavorum in Maine. Bhodora 45: 215. My 1943. 
Rollins, R. C. Generic revisions in the Cruciferae: Eahmoloboa. (^)ntr. Dudley 
Herb 3: 241-265. pi. 55-57. 30 My 1943. 

Ruiz Leal, A. Observaciones sobre Poriulaca vchinoaperma. Rev. Arg. Agron. 
10: 59-66. f. 1-4. Mr 1943. 

St. John, H. Distribution of OphiogloH,snm on Islands of the Pacific Ocean. 

Bishop Mus. Occ. Paj). 17: 177-182. f. 7, Si. 17 Mr 1943. 

Sandwith, N, Y. New and noteworthy Polypetalae from British Guiana. Jour. 
Arnold Arb. 24: 218-226, Ap 19^3. 

Sandwith, N. Y, 7?i5e.s* valdiviatinm. (hirt. Bot. Mag. 144: pi. 9647. F 1943. 
Santos, J. V. New grasses from the Philip})ines and South India. Jour. Wash. 
Acad. 33: 135-140. f. 1-3. 15 My 1943. 

Schomherst, R. O. Phytogeographic studies of the mosses of northern Florida. 

Am. Midi. Nat. 29: 509-532. Mr [Ap| 1943. 

Schweinfurth, C. A new Galeandra from Peru. Am. Orchid Soc. Bull. 11; 429- 
431. pi. 12. 5 My 1943. 

Senn, H. A. Caltha naiana in Canada. Bhodora 46: 214, 215. My 1943. 

Setchell, W. A. A Mason, L. R. Goniohthon and N eogomoliihon : two genera of 
crustaceous coralline algae. Proc. Nat. Acad. 29; 87—92. Mr-Ap 1943. 
Setchell, W. A. A Mason, L. R. New or little known crustaceous corallines of 
Pacific North America. Proc. Nat. Acad. 29: 92-97. Mr-Ap 1943. 

Shanks, R. E. A Goodum, R. H, Notes on the flora of Monroe County, New York, 
Proc. Rochester Acad. 8: 299-331. f. 1-12. 27 Ap 1943. 

Smith, A. 0. Taxonomic notes on the Old World s])ecies of Winteraceae. Jour. 

Arnold Arbor. 24: 119-364. /. 1-16. Ap 1943. 

Smith, G, M. A Hollenherg, O. J. On some Rhodophyceae from the Monterey 
Peninsula, California. Am. Jour. Bot. 30: 211-222. f. 1—30. Ap 1943. 
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9telil6» H. Catalogue des cryptogames vasculaires des Antilles fran^aises. Oarib. 
Forester 4: 83-89. Ja 1943. 

TuniU, W. B. Sty fax offlHnalis. Curt. Bot. Mag. 144: ph 96SS. F 1943. 
Woatlierby, C. A. The range of Notholaena delicatula. Am. Fern Jour. 23: 27. 
Ja-Mr [1 Ap] 1943. 

Wberry, £. T. Variation in PUox floridana, Bartonia 22; 1, 2. pi L 7 My 1943. 
Wiggins^ I. L. Two new plants from the San Felipe desert, Baja California, 
Mexico. Contr. Dudley Herb. 3: 285-288. pi 65, 10 My 1943. 

Wiggins, 1. L. B BoUins, B. 0. New and noteworthy plants from Sonora, Mexico. 

Contr. Dudley Herb 3; 266-284. pi 58S4, 10 My 1943. 

Wood, C. B. Euphorbia serpylUfolia and Aegilops cylifidrica in Pennsylvania. 
Bartonia 22: 5. 7 My 1943. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(8ee also under Genetics: Slnnott & Franklin) 

Artscliwager, £, Contribution to the morphology and anatomy of guayule 
(Parthenium argentatum), U. S. D. A. Tech Bull. 842: 1-33. pi 
Ap 1943. 

Bates, J. C. Varietal differences in anatomy of cross-sections of wheat grains. 

Bot Gaz. 104: 490-493. /. 31 Mr 1943. 

Camp, W. H. k GlUy, C. L. Polypetalous forms of Vaccinmm, Torroya 42: 
168-173. /. 1, N-D 1942 f24 Ap 1943]. 

Crafts, A. S. Vascular differentiation in the shoot apex of Sequoia sempervirem. 

Am. Jour. Bot, 30: 110-121. /. 31 Mr 1943. 

Oroisat, L. The cactus and its body. Cactus & Succ. Jour. 16: 37-42. /. 1-^SO, 
Mr 1943. 

Cross, O. L. A comparison of the shoot apices of the Sequoia, Am. Jour. Bot. 
30: 130-142. f, 31 Mr 1943. 

Curtis, J. T. Germination and seedling development in five species of Cypripedium 
L. Am. Jour. Bot. 30: 199-206. /. 1-41, Ap 1943. 

Bsau, K. Origin and development of primary vascular tissues in seed plants. 
Bot, Rev. 9: 125-206. Mr 1943 

Bsau, K. Vascular differentiation in the vegetative shoot of Linum. II. The first 
phloem and xylem. Am. Jour. Bot. 30: 248-255. /, 1-.9. Ap 1943. 

Johnson, B. A study of flower initiation and development in the orchid Cattleya 
pinole. Am. Orchid 8oc. Bull. 11: 422-425. f, 1-5, 5 My 1943. 

Long, B. M. Developmental anatomy of the fruit of the Deglet Noor date. Bot. 
Gaz. 104; 426-436. f, 1-19, 31 Mr 1943. 

McIntyre, W. G. A Chrysler, M. A. The morphological nature of the photo¬ 
synthetic organs of OrcHyllium endresii as indicated by their vascular struc¬ 
ture. Bull. Torrey Club 70: 252-260. /. 1-10, 1 My 1943. 

Preston, B. J. Anatomical studies of the roots of juvenile lodge-pole pine. Bot. 
Gaz. 104: 443-448. f, IS, 31 Mr 1943. 

Scotty P. M. Survey of anatomy, ergastic substances, and nuclear size in Echino- 
^cystia macrocarpa and Cucurhita pepo, Bot. Gaz. 104: 394-408. f, 1-23, 
h Mr 1943. 

Thomson, B. F. Development of sorus and prothallium of Aerophorua stipellatus, 
Bot. Gaz. 104: 437-442. f, 1-29, 31 Mr 1943. 
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PLANT PHTSIOLOGY 

(See also under Mycology: Nickeraon A Thlmann; Wynd) 

Addicott, F. T. Pollen germination and pollen tube growth, as influenced by 
pure growth substances. Plant Physiol. 18: 270-279. Ap 1943. 

Anderson, D. B. A Kerr, T. A note on the growth behavior of cotton bolls. Plant 
Physiol. 18: 261-269. f, Ap 1943. 

Bonner, J. Effects of application of thiamine to Cosmos. Bot. Gaz. 104: 475- 
479. 31 Mr 1943. 

Bloch, B. Polarity in ])lant8. Bot. Rev. 9: 261-310. My 1943. 

Burkholder, P. B. Vitamin deficiencies in yeasts. Am. Jour. Bot. 30: 206-211. 
/. Ap 1943. 

Day, D. Growth of excised tomato roots in agar with thiamine plus pyridoxine, 
nicotinamide or glycine. Am. Jour. Bot. 30: 150-156. f. 7-5. 31 Mr 1943. 

Emerson, B. A Lewis, C. M. The dependence of the c|uantum yield of Chlorella 
photosynthesis on wave length of light. Am. Jour. Bot. 30: 165-178. /. 7-7. 
Ap 1943. 

Eyster, H. C. Osmosis and osmotic pressure. Bot. Rev. 9: 311-324. My 1943. 

Frazier, J. 0. Amount, distribution and seasonal trend of certain organic re¬ 
serves in the root system of field bindweed, Convolvulus arvensis L. Plant 
Phy.siol. 18: 167-184. /. i-6*. Ap 1943. 

Freeland, B. O. The American mistletoe with respect to chlorophyll and i)hoto- 
synthesis. Plant Physiol. 18: 299-302. f. 7. Ap 1943. 

Gortner, B. A. The i)lant proteins. Wallerstein Comm. 6’^: 33-42. f. 1-4. Ap 
1943. 

Graham, E. B. A Albrecht, W. A. Nitrate absorption by plants as an anion 
exchange phenomenon. Am. Jour. Bot. 30: 195-198. pi. 1, 1, Ap 1943. 

Greulach, V. A. Photoperiodic aftereffects in Ipomora. Ohio Jour. 8ci. 42: 
65-73. f. 7. Mr 1943. 

Kozlowskl, T. T, Transpiration rates of some forest tree species during the 
dormant season. Plant Physiol. 18: 252-260. f. 7-5. Aj) 1943. 

Elramer, P. J. Amount and duration of growth of various species of tree seed¬ 
lings. Plant Physiol, 18: 238-251. /. 1-4. Ap 1943. 

McNair, J. B. Hydrophytes, xerophytes and halophytes and the production of 
alkaloids, cyaiiogenetic and organic compounds. Lloydia 6: 1-17. Mr [My] 
1943. 

Magistad, O. C. cf al. Effect of salt concentration, kind of salt, and climate 
on plant growth in sand cultures. Plant Physiol. 18: 151-166. f. 1-9, 
Ap 1943. 

Moyer, L. S. A Fishman, M. M. The chlorophyll-protein complex. TT. Species 
relationships in certain legumes as shown by electric mobility curves. Bot. 
Gaz. 104: 449-454. f. 1-4. 31 Mr 1943. 

Noggle, G. B. A Wynd, F. L. Effects of vitamins on germination and growth of 
orchids. Bot. Gaz. 104: 455-459. 31 Mr 1943. 

Northen, H. T. Relationship of dissociation of cellular proteins by incipient 
drought to physiological processes. Bot. Gaz. 104: 480-485. /. 1. 31 Mr 
1943. 

Osterhout, W. J. V. Pacemakers in Nitrlla III. Electrical alternans. Jour. Gen. 
Physiol. 2©: 457-465. f. 1-8. 20 My 1943. 

SttlUvan, J. T. A Chilton, S. J. P. The composition of white clover leaves as 
affected by rust and by sulphur. Phytopathology 33: 401, 402. My 1943. 

Swanson, C. P* Differential sensitivity of prophase pollen tube chromosomes 
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to x-rays and ultraviolet radiation. Jour. Oeft. Physiol. 26: 486-404, ph 4, 

20 My 1943. 

Want^ P. W. Transplantation experiments in peas. Ill, Bot. Gaz. 104: 460- 
474. 31 Mr 1943. 

Withrow, Ar, F., Withrow,^ B. B. k Btebei, J. P. Inhibiting induence of the 
leaves on the phdtoperiodic response of Nobel spinach. Plant Physiol. 18: 
294-298. /. 1-^. Ap 1943. 

Withdrew, A. F, k Withrow, B. B. Translocation of the doral stimulus in 
Xanthinm. Bot. Gaz. 104; 409-416. /. 7-5. 31 Mr 1943. 

Wolf, F. T. k Shoup, C. 8. The effects of certain sugars and amino acids upon 
the respiration of Allomyecs, Myeologia 35: 192-200. 5 Ap 1943. 

GENETICS 

(Including cytogenetics) 

(See also under Taxonomy: Camp Ss Gilly; under Plant Physiology: Swanson) 

Anderson, E. k Hubrlcht, L. The histological basis of a specific difference in leaf 
texture. Am. Nat. 77: 286-287, My 1943. 

Ausexnus, £. B. Breeding for disease resistance in wheat, oats, barley and fiax. 
Bot. Rev. 9: 207-260. Ap 1943. 

Balter, B. E. Induced polyploid periclinial chimeras in Solanum fyherosum. 
Am. Jour. Bot. 30: 187-195. /. i-55. Ap 1943. 

ErumfieM, B. T. Coil-lineage studies in root meristems by means of chromosome 
rearrangements induced by x-rays. Am. Jour. Bot. 30: 101-110. /, 1-18. 

31 Mr 1943, 

Oaldwell, B. M. k Oompton, L. E. Oomplemeutary lethal genes in wheat causing 
a progressive lethal necrosis of seedlings. Jour. Hered. 34; 67-70. 1 pi. 

Mr [My] 1943. 

Cave, M. S. k Bradley, M. V. Alteration of chromosome number iu Miersia 
ehilenais. . Am. Jour, Bot. 30: 142-149. f. 1-18. 31 Mr 1943. 

Clark, F. J. Cytological and genetic studies of sterility in inbred and hybrid 
maize. Conn, Exp, Sta. Bull. 465: 703-726. f. 1-15. 8 1942. 

Ownbey, M. k Weber, W. A. Natural hybridization in the genus Balmmorhim. 
Am. Jour. Bot. 30; 179-187. /. ISO. Ap 1943. 

Sixmott, £. W. k Franklin, A. H. A developmental analysis of the fruit in tetra- 
ploid as compared with diploid races of cucurbits. Am. Jour. Jiot. 30: 87- „ 

94. 31 Mr 1943. 

Smith, H, E. Polyploidy in Sedum pulehellum —II. Stoniatal size and frequency. 
Bull. Torrey Club 70: 261-264. /. 7. 1 My 1943. 

Smith, H. H. Studies on induced heteroploids of Nieotiana.^ Am. Jour. Bot. 

30; 121-130. /. 1S3. 31 Mr 1943. 

Thompson; W. F., Brittep, E. J. k Harding, J. C. The artificial synthesis of 
42-ehromo8omo species resembling common wheat. Canad. Jour. Res. 

21: 134-144, pi. 7. Ap 1943. 

Wright, S. An analysis-of local variability of flower color in lAnanihm Parryae. 

,, Genetics 28: 139-156. Mr 1943. 

MYCOLOGY AND PHYTOPATHOLOGY 
(8ee also under Plant Physiology: BuUiviiii & Chilton; Wolf A Shoup) 

Benedek, T. Unilateral stimulation of Microsporum Andouini by a new species of 
bacillus. Myeologia 36; 222-242. f. 1-7. 5 Ap 1948. 

Bingham, B. T. k Ehrlich, J. A Vasyscypha following Cronariium rihicola 
on Pintis montioola. I. Myeologia 36: 95-111. f. IS. 1 F 1943. II. 294-311, 

/. IS. 1 Jo 1943. 
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Black, Xi. m. Some relationships between potato yellow-dwarf virus and the 
clover leaf hopper. Phytopathology 33: 363-371. My 1943. 

Bose, 8. B. Moisture-relation as a determinant factor in the transformation of 
the basidia of certain Polyporaceae. Myeologia 36: 33-46. /. 1-^. 1 P 1943. 

Cooke, W. B. Some Basidiomycetes from Mount Shasta. Myeologia 85: 277-293, 
1 Je 1943. 

Barley, S. P. B Ohrlstensen, M. An unusual sporophore of Trametes maveolena 
produced on artifically inoculated wood. Phytopathology 33: 328-330. 
/. I. Ap 1943. 

Bimock, A. W. k Osborn, J. H. An altemaria disease of Zinnia, Phytopathology 
33: 372-381. /. 1-^. My 1943. 

Bix, W. L. The Cladoniae of Pennsylvania. Bartonia 22: 32-62. pi, S, 7 My 
1943. 

Brechsler, C. A new nematode-capturing Daciylella and several related Hypho- 
mycetes. Myeologia 36: 339-362. /. l-~4, 1 Je 1943. 

Brechsler, C. A new non-helicoid bisporous Helicocephalum parasitizing nematode 
eggs. Myeologia 36: 134-141. f, 1, 5 Ap 1943. 

Brechsler, 0. Two species of Pythium occurring in southern states. Phytopa¬ 
thology 33: 261-299. /. 1-16. Ap 1943. 

Ellett, 0. W. Leaf blight of corn. Phytopathology 33: 407, 408. My 1943. 

Foster, H. H. Besistance in the genus Nicotiana to Phytophthora parasitica 
Dastur var. nicotianae Tucker. Phytopathology 33: 403, 404. My 1943. 

Greene, H. O. Notes on Wisconsin parasitic fungi. II. Trans. Wis. Acad. 34: 
83-98. 1942 f Ap 1943]. 

Grodslnsky, L. k Jenkins, A. E. Sphaceloma Murrayae en diversas ospecios de 
Salix, Bev. Arg. Agron. 10: 55-58. pi. l-^-f.l. Mr 1943. 

Hagelstein, B. Notes on Mycetozoa—VII. Myeologia 36: 363-380. 1 Je 1943. 

Hahn, O. G. Blister-rust relations of cultivated species of red currants. Phyto¬ 
pathology 33: 341-353. My 1943. 

Hardison, J. B. k Sprague, B. A leaf spot of grasses caused by a new species 
of Phleospora, Myeologia 36: 185-188. /. 1-^. 5 Ap 1943. 

Hart, H. Stem rust on Triticiim timopheevi. Phytopathology 33: 335—337. f, 1. 
Ap 1943. 

Herre, A. W. 0. T. Two new species of lichens and new records for Washington 
State and North Carolina. Proc. Biol. Soc. Wash. 66: 17-20. 25 F 1943. 

Jenkins, A. A, Leaf spot on Terminalia arjuna. Phytopathology 33: 404, 405. 
f. 1. My 1943. 

Jenkins, A. E. k Bitancourt, A. A. Gouirand and Bergeron’s treatment of 
Sphaceloma ampelinum, Myeologia 36: 272-276. f. 1. 1 Je 1943. 

Kung-Hsiang, Lin Convex gum, a new disease of Citrus in China. Phytopathol¬ 
ogy 33: 394-397. /. 1. My 1943. 

Linford, M. B. Influence of plant populations upon incidence of pineapple yellow 
spot. Phytopathology 33: 408-410. My 1943. 

McKeen, 0. B. A study of some factors affecting the pathogenicity of Verti- 
cillium albo-atrum B. & B. Canad. Jour. Bes. C 21: 95-117. Mr 1943. 

McKinney, H. H. Studies on genotypes of tobacco resistant to the common- 
mosfiic virus. Phytopathology 33: 300-313. Ap 1943. 

McLean, B. A. Observations on Cercospora leaf spot of tobacco and the question 
of varietal resistance. Phytopathology 33: 354-362. f, 1-8, My 1943. 

Mead, H. W. Seed-borne moulds of barley. Wallerstein Comm. 6^’: 26-32. 
must, Ap 1943. 
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Hmditlit 0* H. The effect of soil and ehenueal mixtures on the growth, of 
Fusarium oxyaporum oubense. Phytopathology 33: 398-400. My ,1043. 

MllUUeton, J* T« Phytopththora rot of belladonna. Bull. Torrey Club 70: 244-* 
231. /. 1 My 1943. 

MMdletoHy J« T. The taxonomy^ host-range and geographic distribution of the 
genus Pythium, Mem. Torrey Club 20^: 1-171. /» 1-17. 22 Ap 1943. 

BCUIar, J. H. k Burton, XI O. Btudy of Bagniaiopsis species on the Melastoma- 
ceae. Mycologia 86: 312-334. /. 1-^3.1 Je 1943. 

XCnndlcar, B. B. B BlieswaUa, K. P. Daaturella —a new genus of Uredinales. 
Mycologia 36: 201-206. /. 1-3. 5 Ap 1943. 

Nickerson, W. J« k Thlmann, K. V. The chemical control of conjugation in 
Zygoaaocharomycea, 11. Am. Jour. Bot. 30: 94-101. 31 Mr 1943. 

Oyerholts, L. O. Mycological notes for 1939-40. M,>cologia 36: 243-254. /. 
1-7. 5 Ap 1943. 

Presley, J. T. k King, C. J« A description of the fungus causing cotton rust and 
a preliminary survey of its hosts. Phytopathology 33: 382-389* /. 1-J. 
My 1943. 

Shear, 0. L. Conserving names of fungi. Mycologia 36: 267-271. 1 Je 1943. 

Singer, B. Type studies on Basidiomycetes. 11. Mycologia 36: 142-163. 6 Ap 
1943. 
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THE GERMINATION CAPACITY OF MAIZE POLLEN HAVING 

ABERRANT NUCLEI^ 

^ Frances Clark Beard 

INTRODUCTION 

As a result of the action of the gene dVy divergent spindle, pollen grains 
of Zea mays may have unusual morphological organization. The frequency 
of their occurrence is high enough to test the germination capacity. Owing 
to the configuration of the meiotic division spindles in dv plants, multi- 
nucleate microspores and pollen grains are developed. At the time of the 
di>rision to form the tube and generative nuclei, multinucleate spores appear 
normal when the complete chromosome complement is present even though 
the chromosomes are incorporated in several nuclei and are separated by 
nuclear membranes. It has been thought that the germination of a pollen 
grain is regulated by the action of the tube nucleus (vegetative nucleus), 
and it was with reference to this concept that the germination of the 
multinucleate pollen grains was tested. 

Evidence will be presented that pollen grains of dv plants may have 
the chromosome complement of the vegetative cell distributed among several 
nuclei. The germination capacity of such pollen grains was of particular 
interest. In a preliminary account (Clarlf 1942) it was reported that pollen 
grains having both more and less than the normal number of nuclei were 
able germinate during the period of time allowed for germination. 

The recessive mutant dv found in maize (Clark 1940) is limited in action 
to the time of the divisions of the microsporocytes. Except for characteristic 
pollen abortion, the plants are indistinguishable from normal (Du), and 
megasporocyte development is normal. When the recessive gene is present 
in the homozygous condition, the spindle of the first meiotic division diverges 
at the polar regions rather than having the characteristic coftvergenee of 
the spindle fibers. The chromosomes follow the form of the spindle during 
anaphase and thus diverge from each other. At telophase several nuclei are 
formed, and one or more chromosomes are incorporated in each nucleus. 
Each cell at the end of the first meiotic division has the normal chromosome 
complement characteristic of such cells although the chromosomes are dis¬ 
tributed among several nuclei. As a result of the multinucleate condition 
at the end of the first meiotic division, a multi-spindle condition is developed 

^ The writer wishes to express her appreciation for the use of the facilities of the 
Genetics Department, Connecticut Agricultural Experiment Station, Now Haven, Con- 
necticut. 
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in the second meiotie division with each nucleus forming its own spindle. 
The several spindles may lie paralld or at various angles to each other, and 
may be divergent. Thus a multinucleate condition again results at the end 
of the second meiotie division, and each microspore may have from few to 
many nuclei. 

A return to the normal nuclear condition usually takes place after the 
first microspore division, and most of the microspores then contain a tube 
nucleus in the vegetative cell and a generative nucleus in the generative cell. 
The division of the generative nucleus to form the two sperm cells occurs 
in maize before anthesis and results in normal mature pollen with three 
nuclei; a tube nucleus of the vegetative cell and two sperm nuclei (fig. 1). 

In about 94 per cent of the microspores of dv plants there is a return 
to the normal nuclear condition after the first division. These microspores 
may or may not develop into functional pollen grains depending upon 
whether or not a complete chromosome complement is present. The pollen 
abortion (determined by counting the number of small grains and grains 
having no starch relative to large, normally filled pollen) is variable among 
different samples taken from the same or different dv plants, but may be 
as high as 90 per cent. 

OCCURRENCE OF MULTINUCLEATE POLLEN GRAINS 

In six per cent of the male gametophytes there continues to be a multi- 
nucleate condition after the first microspore division, and it is from these 
spores that multinucleate pollen grains were to be expected. The spindle 
of the first microspore division in spores that will have multinucleate vege¬ 
tative and generative cells gives evidence for the chromosome distribution 
among the several nuclei. 

When the microspores were examined at this stage, some of the spores 
were found to have the spindle of the first microspore division diverging 
at one or both poles. During anaphase the chromosomes follow the form of 
the spindle, and thus at telophase several nuclei were present at either or 
both poles, the inner pole forming the nuclei or nucleus of the vegetative 
cell. Since the nuclei of the vegetative cdl do not divide again when the 
generative nucleus divides, and since the chromosomes diverge from each 
other, it is assumed that the multinucleate vegetative cells observed in the 
pollen grains have resulted from the divergent spindle figures in the first 
microsppre division. 

The multinucleate spores may contain (1) more than one nucleus in 
the generative cell, (2) more than one nucleus in the vegetative cell, or 
(3) several nuclei in both the generative and vegetative cells. The Counts 
that were made (Clark 1940) indicated that the second condition was the 
most frequent. The division of the generative nucleus was not observed. 
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Figs. 1, 2, 3. Photographs of XJollen stained with acetoearmine. About 350 x. Fig. 1. 
Pollen grain with the normal organization. Two small sperm cells (long, narrow) and one 
vegetative cell containing the larger nucleus (tube nucleus) having a prominent nucleolus 
were present. Fig. 2. Pollen grain with two nuclei, each with a definite nucleolus. There 
was no division to form the two sperm cells from the generative cell. Fig. 3. Pollen grain 
with only one nucleus, indicating a failure of the microspore divisions. 

However, pollen grains having the nuclear constitution shown in figure 4 
indicate that this division will occur in male gametophytes whose chromo¬ 
some complement in the vegetative cell is included in more than one nucleus. 

The nuclei in the pollen grain may be observed after staining and clear¬ 
ing either fresh or fixed pollen. Table 1 gives counts of the number of nuclei 
in individual pollen grains obtained from two dv plants. The pollen grains 
with three nuclei, two sperm nuclei and one tube nucleus, represent the 
normal condition. The presence of only one or two nuclei of the type shown 
in figures 2 and 3 suggests that the microspore divisions failed to take place. 
‘When a single nucleus is present as in figure 3, there may have been no first 
division in the microspore to form the vegetative and generative nuclei. 
When two nuclei were found as in figure 2, no division of the generative 
nucleus had taken place to form the two sperm cells. The evidence for this 
lies in a consideration of the size of the nuclei and the character of the 
nucleoli present. 

Since pollen grains in the category with two nuclei (table 1) all had 
a good nucleolus in each nucleus, it was evident that one was the vegetative 
nucleus and one the generative nucleus. Had they been pollen grains with 


TABLE 1. Number of pollen prams with the indicated nuclei in mature pollen of 
dv/dv plants. 


Plant 


Distribution of nuclei 


Total* 

2 tube 

2 sperm 

1 tube 

2 sperm 

Only 2 
nuclei 

Only 1 
nucleus 

148-8 

0 

73 

29 

10 

112 

166-13 

1 

332 

7 

18 

358 

Total 

1 

^ 405 

36 

28 

470 


^ Not including sm,all pollen grains and those devoid of starch. 
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two nticlei in tbe v^etstive cell, and with the chrcHnosomes distributed 
among the two nuclei, the nucleoli would not have been organized. Mc- 
Clintock (1934) has shown that the presence of chromosome 6, the satellite 
chromosome in maize, is essential for the organization of a nucleolus. A 
nucleus deficient for chromosome 6 does not have the nucleolar material 
organized into a single nucleolus, and likewise a nucleus with certain defi¬ 
ciencies does not have an organized nucleolos. It is evident from the vege¬ 
tative nuclei shown in figure 4 that neither of the two nuclei has a nucleolus 
such as is shown by the nucleus of the vegetative cell in figure 1. 

Therefore, the conclusion may be drawn that the nuclei in the pollen 
grain shown in figure 2 each have the haploid chromosome complement, 
having a nucleolus in each nucleus, and that the haploid ebmplement is 
divided between the two nuclei in the vegetative cell of the pollen grain 
shown in figure 4. The size of a nucleus gives some indication of the number 
of chromosomes it contains. The nuclei of the vegetative cell in figure 4 



Flo. 4. Camera lucida drawing of a pollen grain having two tube nuclei (the larger 
nuclei) and two sperm nuclei. Tbe non-stippled circles indicate the position of the germ 
pore. About 400 x. 

were relatively smaller than the nucleus of the vegetative cell of the pollen 
grain shown in figure 1. This also shows that the chromosome complement 
in the binueleate vegetative cells was divided among the two nuclei 

The determination of the germination capacity of pollen grains with 
more and less than the normal three nuclei was undertaken. These types 
in table 1 were 13.8 per cent of the total counted. 

QEEMINATION OF MULTINUCLEATE POIXiEN DRAINS 

Com pollen requires more rigidly controlled conditions for germination 
on artificial media than pollen from liliaceous plants. Recently, Bair and 
Loomis /1941) have reported an agar medium on which com pollen will 
germinate. In the present tests, however, it was desired to allow the pollen 
to germinate under conditions closely approaching the normal. 

Small pieces of corn silks, cut before emerging beyond the husks or 
when protected by ear shoot bags, approximately one inch long wSre placed 
ki small Petri dishes or in watch glasses. Pollen to be tested was dusted on 
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the silks and allowed to remain from 30 minutes to one hour. With a longer 
germination time, the germ tubes of many pollen grains had penetrated 
the silk as well as the silk hairs, and the nuclei had migrated into the tubes 
too far to be adequately observed. Many pollen grains adhere to the silk 
hairs, and the germ tubes then penetrate the hair before entering the main 
part of the silk, although the germ tube may penetrate the silk without first 
entering a silk hair. After the pollen tubes have penetrated the silk and 
started growing down it, along a vascular bundle, it is difficult to determine 
the position of one particular tube and distinguish its nuclei. During the 
time allowed for the germination test, the germ tubes usually had penetrated 
the silk hairs, and the nuclei were still in the pollen grain or were just 
beginning to enter the tube. 

After the time allowed for this germination test, the silks were fixed 
in an acetic acid—alcohol mixture (1:3) and stained with acetocarmine, 
clearing being done with chloral hydrate. During the fixing and staining, 

TABLE 2. Niiclei in germinated pollen grains of dv plants^ 


Plant 


Number of 

nuclei 


Total 

>3 

3 

2 

1 

137—6 

0 

131 

3 

2 

136 

137-6 

1 

73 

3 

0 

77 

166-8 

0 

134 

0 

3 

137 

210-5 

1 

157 

4 

0 

162 

Total 

2 

495 

10 

5 

512 


pollen grains that had germinated remained well attached to the silk, and 
some grains which did not have tubes penetrating the silk hairs were also 
present in the preparations. The non-germinated grains which still adhered 
to the silks after fixation included about 25 per cent of the total pollen grains 
present on the silk.* 

The pollen grains that had germinated were classified according to the 
number of nuclei present, and the results are given in table 2. The germina¬ 
tion of pollen grains with less than three nuclei and more than three nuclei 
is illustrated in figure 5. 

The number of pollen ^grains representing types with other than the 
normal three nuclei in table 1 consisted of 13.8 per cent of the total counted. 
In table 2, the number of such pollen grains that had germinated amounted 
to 3.3 per cent. It is likely that the time allowed for the experiment was too 
short to test adequately the germination capacity of all the aberrant types 
even though they appeared normal with respect to walls, starch content, 
and size. 

The two pollen grains ciJntaining more than three nuclei listed in table 2 
possessed two tube nuclei and three sperm nuclei, and two tube nuclei and 
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Fio, 5. Bemidiagrammatic camera lucida drawings of germinated pollen. About 400 x. 
A. Pollen grain with one nucleus. B. Pollen grain with two nuclei. C. Pollen grain with 
four nuclei—^two tube nuclei in the Tegetati^e cell and two sperm cells (upper). 


two spertn nuclei, respectively. Among the pollen grains which had not 
germinated, other multinucleate types were found as shown in table 3. In all 
of these the morphological development of the grain was normal except for 
the nuclear constitution. 

TABLE 3. Nuclei in aberrant non-germinated pollen grains. Normal pollen grains 
have one tube and two sperm nuclei. 


Tube nuclei 

Sperm nuclei 

Frequency of 
occurrence 

1 

0 

3 . 

1 

3? 

1 

2 

0 

7* 

2 

2 

2 

2 

2 or 3 

1 

3 

2 

2 


* For convenience these are listed in this table, although this type is the same as the 
two-nuclei category of tables 1 and 2 and figures 2 and 5B. 


DISCUSSION 

The separation of the chromosome complement of the vegetative cell into 
more than one nucleus does not affect the functioning of the complement 
as a whole during the germination of a pollen grain. The results also 
indicated that in the absence of a characteriiStic tube nucleus (when only 
one or two nuclei were present as in figures 2 and 3), germination took place 
during the period of observation. The problems of whether or not tubes 
from such pollen grains would continue to grow, given a longer {ime, and 
whether or not fertilization or an initiation of ovule development would 
ttke place remain unlinswered. 
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Chamberlain (1897), Smith (1898), and Fullmer (1899) have reported 
observing microspores with several tube nuclei, and also male gametophytes 
with multinucleate generative cells. It was not determined whether the divi¬ 
sion of the generative nucleus took place in these aberrant male gameto¬ 
phytes. Microspores deficient for part of the chromosome complement and 
defective in wall formation were studied by Barber (1941, 1942) and Sax 
(1942). They conclude that when a deficient microspore remains partially 
attached to a normal microspore, or when the two contain deficiencies that 
are complementary, normal development takes place. They assume that the 
gene products which control the development of the microspore are unable 
to diffuse through the cell wall to direct the normal development of the 
unattached deficient microspores. 

A tube nucleus with the normal chromosome complement may control 
the germination of a pollen grain even though the sperm nuclei may be 
deficient in chromosome number. McClintock (1938) and Rhoades (1940) 
have explained the transmission of deficient male gametes in this way. 

If there were an unequal distribution of chromosomes in the first micro¬ 
spore division of dv plants, there could result a vegetative cell with at least 
the normal chromosome complement, in one or more nuclei, and a deficient 
generative cell. To test whether any deficient male gametes were transmitted, 
pollen from dv/dv plants was placed on silks of normal plants and the 
chromosome numbers of 82 plants in the progeny were determined. Seventy- 
nine plants were found with the normal chromosome complement (20), and 
three were heteroploid plants. One of the three was a triploid, the second a 
monosomic (19 chromosomes), and the third had a complete deficiency for 
the long arm of chromosome 10, leaving the short arm a telocentric fragment 
similar to the chromosome 5 found by Rhoades (1940). Although suggestive 
of transmission of deficient male gametes, the counts are too few to justify 
a positive statement. ^ 

Pollen from plants homozygous for dv may give rise to a low frequency 
of aneuploid progeny, Haploids could be expected if pollen tubes from 
grains containing only one or two nuclei should grow long enough to pene¬ 
trate the ovule and initiate ovule development. 

CONCLUSIONS 

1. Evidence is presented from dv plants of maize that male gameto¬ 
phytes are able to develop a normal morphological organization when the 
chromosome complement of the vegetative and generative cells is contained 
in more than one nucleus. 

2. A pollen grain with a multinucleate vegetative cell is capable of 
forming a normal germination tube which penetrated the silk and continued 
to grow during the time allowed for a germination test, one hour. 
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3. Pollen grains lacking the usual morphological organization qf the 
male gametophytes, that ia,'those possessing only one or two nuclei, were 
found to be capable of forming germ tubes during the time allowed for 
germination. 

Brooksvale Boad 

Mt. Carmel, Connecticut ' " 
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A CYTOLOGICAL STUDY OF C-MITOSIS IN THE POLY- 
SOMATIC PLANT SPINACIA OLERACEA, WITH COM¬ 
PARATIVE OBSERVATIONS ON ALLIUM CEPA^ 

C. A. Berger and E. R. Witkus 

This investigation arose in the course of a comparative study® of pro¬ 
phase chromosome behavior at meiosis and polysomatic mitosis in Spinadia 
oleraceU, Colchicine treatment was tried in the hope of obtaining a third 
type of prophase chromosome behavior in this material. Detailed cytological 
descriptions of the effects of this drug on cell division are few and incom¬ 
plete. Most of the studies have dealt with Allium or Tradescantia and the 
treatment has apparently never been tried on a polysomatic plant. 

The effects of colchicine on Spinacm were so striking and so different 
from the effects on Allium as described in the literature that it was thought 
necessary to make a series of experiments with Allium as controls. These 
experiments confirmed the opinion that there is a real difference in the cyto¬ 
logical effects of colchicine treatment in Spinacia and in Allium, This inter¬ 
esting difference in the reaction of the two plants to the drug, together with 
the lack of a comprehensive cytological description of its effects on mitosis, 
prompted the present report. 

Following the terminology of Levan (1938), mitosis under the infiuence 
of colchicine will be termed c-mitosis, and the various stages in the process 
will be similarly designated. In describing colchicine experiments it is neces¬ 
sary to distinguish three types of effects as follows. Direct effects occur while 
the cells are under the influence of the drug, while recovery effects persist 
after the direct influence of colchicine has completely disappeared and 
transitional effects^ appear in early recovery before the influence of the drug 
is completely removed. 

The effects most commonly referred to the direct action of colchicine are 
the prevention of effective spindle formation and the delay in the division of 
the spindle attachment regions or SA-regions as they will be termed in this 
paper. These two effects will be classified as primary direct effects. In addi¬ 
tion there are a number of secondary direct effects, direct because they occur 
during the actual treatment with the drug, secondary because their imme¬ 
diate cause is not the presence of colchicine but either the absence of an effec¬ 
tive spindle, the delay in the division of the SA-region, or both of these 
primary direct effects. 

’ Publication of plates 1 and 2 is assisted by the Lucien M. Underwood Memorial 
Fund. 

2 Aided by a grant from the Penrose Fund of the American Philosophical Society. 
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The following are here classified as secondary direct effects. (1) Diplo- 
chromosomes, the c-pairs of Levaxi^ ehromosomes united at a common 
undivided SA-region. (2) duration of c-metaphase, due to failure 

of formation-of att spindle. (3) The extreme shortness or con- 

MmvSon ftoqmnUy found in chromosomes at c«metaphase, owing to the 
additional time allowed for the action of coiling forces. (4) The formation 
of restitution or reversion nuclei, due to the absence of an effective spindle. 
(5) The variety of shapes assumed by restitution nuclei, dependent on the 
amount and disposition of the disorganized spindle substance. (6) Increase 
in cell size, due to failure of division. (7) Polyploidy, likewise due to failure 
of division. (8) Secondary pairing of chromosomes owing to the absence of 
anaphase separation of chromosomes. 

MATERIAL AND METHODS 

Root tips of Spimcta oleracea (Old Dominion variety) and of Allium 
cepa were used. Germinating seeds of Spvnacia were treated with 0.06 per 
cent and 0;25 per cent solutions of colchicine for one, five, and twelve hours. 
They were then washed in water for a half hour and fixed immediately and 
at intervals of five, twenty-four, thirty-two, forty-eight, fifty-three, sixty- 
three, sixty-six, sixty-nine, and seventy-two hours after treatment. Root tips 
of Allium were treated with a 0.25 per cent colchicine solution for five and 
twelve hour periods. They were then washed in water and fixed immediately 
and at five and twenty-four hour intervals after treatment. 

Most of the Spinacia material was prepared' by the smear technique. 
The tips were fixed in three parts of absolute alcohol and one part of glacial 
acetic acid, and the Peulgen stain was used. Eight minutes of hydrolysis 
was found to be correct after the above fixation. A series of root tips were 
fixed in Craf fixative, and longitudinal and cross sections were eut and 
stained by the Peulgen technique. After fixation in the Craf solution forty- 
five minutes of hydrolysis was required for the Peulgen reacti<(n. The Allium 
material was all prepared in the form of smears, some were stained with 
aceto-carmine and others by the Peulgen technique. 

OBSERVATIONS ON ALLIUM 

Our observations on the effect of colchicine on mitosis in Allium are in 
general agreement with those of Levan (1938) and Shimamura (1939) on 
the same material, and with those of Walker (1988) on Tradescantia and of 
Beams and King (1938) on Triticum. It has been possible however, to add to 
the details of the process of c-mitosis especially in regard to the formation 
of the restitution or reversion nucleus following the stoppage of mitosis at 
c-metaphase. These observations on Allium are not a complete series of ex¬ 
periments involving an ordered series of time treatments with increasing 
concentrations of colchicine. They are a selected set of experiments designed 
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to verify the results of other investigators with respect to those points 
wherein Spmacia apparently differs from AUmm in the cytological response 
to the drug. 

Description of c-Mitosis in Allium. Prophase of mitosis appears to 
proceed normally in the presence of colchicine. At very late prophase or 
prometaphase (pi. 1, fig. 1) the chromosomes reach their normal metaphaae 
degree of contraction. They have a clearly de&ied SA^region and their divi¬ 
sion into chromatids is very evident. The chroipatids are relationally coiled. 
There is no nuclear membrane present at this stage and the chromosomes are 
{scattered in the center of the cell. In normal mitosis the chromosomes at this 
stage would congress upon the metaphase plate, their SA-regions would 
divide and anaphase separation would take place. In the presence of colchi¬ 
cine a well defined spindle is not formed and the metaphase stage, normally 
of short duration, becomes greatly lengthened extending over a period of 
four or five days, according to some investigators. Evidence of this pro¬ 
longation of metaphase is had in the increasing number of metaphase stages 
found in the older preparations of a series. 

During this protracted metaphase the chromosomes undergo marked 
changes. The relational coiling of chromatids is undone. The division of the 
SA-region is greatly delayed and the chromatids separate at all other points 
giving characteristic X-shaped configurations similar to those seen at meiotic 
interphase. In normal mitosis these chromosomes would be undergoing ana¬ 
phase separation. Such pairs of chromosomes held together by an undivided 
SA-region are called diplo-chromosomes in this paper. The diplo-chromo- 
somes in Allium are usually arranged arouiid the surface of an achromatic 
sphere (pi. 1, figs. 2, 4) composed, according to Shimamura (1939), of a sub¬ 
stance which normally would take part in the formation of the spindle. Dur¬ 
ing c-metaphase the chromosomes continue to contract and become much 
shorter and more tightly coiled than at normal metaphase. As the diplo- 
chromosomes undergo this shortening the divergence between their arms in¬ 
creases (pi. 1, fig. 3). This is probably due to the tightening of the coil rather 
than to any repulsion between chromosomes. 

The division of the SA-region is long delayed but eventually takes place. 
The two members of a diplo-chromosome now straighten out and frequently 
lie in parallel arrangement (pi. 1, figs. 5, 6). They may be long or short de¬ 
pending on the time of division; they may be scattered (pi. 1, fig. 5) or may 
be arranged about an achromatic sphere (pi. 1, fig. 6). The division of the 
SA-region does not always take place at exactly the same stage of c-mitosis. 
Barely chromosomes that are beginning to take on anaphase chromosome 
characteristics are still in the form of diplo-chromosomes (pi. 1, fig. 7), 

Although some spindle substance is probably present in Allium during 
c-mitosis it never becomes organized into an effective spindle. There is no 
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anaphafie movement of chromosomes. They remain in the center of thjd cell 
in the tetraploid number and begin the reversion process which results in 
a 4n restitution nucleus. This process is illustrated in plate figures 7~15. 
The tightly coiled chromosomes, single or diplo, begin to despiralize and to 
take on the characteristics of anaphase chromosomes (fig. 7). This condi¬ 
tion is followed by further despiralization and the accompanying physical 
changes normally seen in telophase chromosomes (figs. 8 to 12). A nucular 
membrane begins to form around the whole group or around smaller groups 
or isolated chromosomes. In most cases the presence of the achromatic sphere 
prevents the chromosomes from gathering together in one compact group 
and results in the strange lobulated forms assumed by early restitution 
nuclei (figs. 10, 11, 13, 14, 15). The sphere of spindle substance is slow in 
disappearing and the regions occupied by individual chromosomes are well 
marked until the restitution nucleus reaches the resting stage (figs. 11, 12). 

Apparently not all c-mitoses in Allium have an achromatic sphere stage. 
Scattered diplo-chromosomes and scattered singles are found in cells which 
give no indication of an achromatic sphere (pi. 1, figs. 3, 5, 16). This differ¬ 
ence in the type of c-mitosis may be connected with the mitotic stage of the 
cell when first subjected to the influence of colchicine. 

OBSERVATIONS ON SPINACIA 

Definition of Terms Covering Special Effects. C-mitosis in Spinacia 
presents some new and some slightly different stages from those described 
for Allium and other material. The first of these* differences is the scattered 
diplo-chromosome stage. The diplo-chromosomes of Spinacia are similar in 
structure to those of AlJmm but differ in arrangement. When first found 
they are scattered irregularly in the central region of the cell constituting 
what is here termed the scattered diplo-chromosome stage. 

Another stage occurring frequently is the clumped metaphase stage. 
Here the chromosomes are aggregated to form a dense knot. In a few in¬ 
stances clumps were found consisting of pro-metaphase chromosomes. Most 
frequently they consist of the diploid number of diplo-chromosomes and less 
frequently of the tetraploid number of single chromosomes. Cases are found 
in which one or a few single or diplo-chromosomes lie outside the clump. 

Explanation of plate 1 

C-mitosiB in Allitm eepa. Magnification of all photomicrographs X 750. Fig. 1. Pro¬ 
metaphase. 4*Fig. 2. Diplo-chromosomes around achromatic sphere. Fig. 3. Scattered 
diplo-chromosomes. Fig. 4. Diplo-chromosomes around achromatic sphere. Fig. 5. Scat- 
‘ tered single chromosomes. Fig. 6, Single chromosomes around achromatic sphere. Fig. 7. 
Achromatic sphere with diplo-chromosomes in anaphase condition. Figs. 8-11. Early 
reversion phase, chromosomes in anaphase and telophase condition around remnant of 
achromatic sphere. Fig. 12. Beversion nucleus with chromosomes in telophase condition 
and no evidence of achromatic sphere. Figs. 18, 14. Early restitution nucleus lobulated 
m shape. Fig. 15. Bestitution nucleus. Fig. 16. C-metaphase and restitution nucleus 
without achromatic spheres. 
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, Other clumps of a looser nature are also found. They are apparently of 
a higher degree of polyploidy than clumped metaphases. The chromosomes, 
single or diplo, are not excessively condensed and radiate out from the center 
like spines. This is called the echinus stage (pi. 2, figs. 38, 39). 

Another stage of frequent occurrence in Spinacia but lacking in Allium 
and apparently in other material thus far investigated is the prochromosome 
stage. The term prochromosome is here used not in its current cytological 
meaning but in a sense similar to that of Wilson (1925) in his description 
of insect spermatogenesis. It refers to the entire chromosome in a highly 
condensed state, being shorter and broader than at c-metaphase. A series of 
prochromosome stages from sectioned material is shown in plate 2, figures 
19-23. Similar stages from smeared material are illustrated in figures 30, 
31, 32, 33. 

The term reversion phase or restitution nucleus formation, is applied to 
the stage during which the prochromosomes revert to the resting stage con¬ 
dition. 

Experimental Results. A 0.25 per cent solution of colchicine was found 
to be the most suitable concentration for Spinacia and was used in most of 
the experiments. A 0.06 per cent solution brought about similar effects but 
they were neither as numerous nor as striking. The results recorded here 
were all obtained after treatment with the 0.25 per cent solution. Root tips 
of germinating seeds were exposed to this concentration for one, five, and 
twelve hour periods. The twelve-hour treatment was found to be too long 
^n exposure, causing the death of the root tip. 

Results of One-Hour Treatment with 0.25 per cent Colchicine. Mate¬ 
rial treated for one hour and fixed after one-half hour washing showed very 
few clumped metaphases, a few scattered diplo-chromosome stages and no 
prochromosomes. Some normal metaphases, anaphases, and telophases were 
present in cells that were either at metaphase with a fully formed spindle 
or at some later mitotic stage when first subjected to colchicine. In material 
treated for one hour and fixed five hours later the number of clumped meta¬ 
phases had increased, there were few scattered diplo-chromosome stages, no 
prochromosomes and no normal divisions. In tips fixed twenty-four hours 
after treatment a bulbous swelling directly behind the meristematic region 
was evident. The number of clumped metaphases had greatly increased and 
there were many scattered diplo-chromosome stages. Prochromosome stages 
appeared for the first time, indicating the beginning of the reversion phase, 
and a few normal metaphases and telophases were present, showing that 
recovery from the influence of colchicine was beginning. Forty-eight hours 
after treatment the bulbous swelling was less prominent, the clumps, pro¬ 
chromosomes, and scattered diplo-chromosomes had disappeared, and normal 
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divisions were present. Evidently recovery from one hour treatment begins 
after twenty-four hours and is complete after forty-eight hours. 

Results of Five-Hour Treatment with 0.25 per cent Colchicine. Boot 
tips treated for five hours and fixed after one-half hour washing showed 
some clumped metaphases, a few scattered diplo-chromosomes, no prochro¬ 
mosomes and a few prophases. Five hours later there were many clumped 
metaphases, no prochromosomes, some scattered diplo-chromosomes and no 
normal divisions. Tips fixed twenty-four hours after exposure again dis¬ 
played a bulbous swelling just behind the meristematic region. There were 
.many clumped metaphases present, some scattered diplo-chromosomes, a few 
prochromosome stages but no normal divisions. Forty-eight hours after 
treatment the swelling was still present and there were many clumped meta¬ 
phases, some scattered diplo-chromosome stages and many prochromosome 
stages. There were no normal divisions. Tips fixed fifty-three hours after 
treatment were very similar to those fixed after forty-eight hours. At sixty- 
three hours the swelling was smaller and some clumped metaphases were 
still present. There were a few scattered diplo-chromosomes, some prochro¬ 
mosomes, and a few normal metaphases and anaphases. At sixty-six hours 
after treatment the swelling had disappeared and there were no clumped 
metaphases, no scattered diplo-chromosomes, and no prochromosomes. Nor¬ 
mal divisions were present. Tips fixed sixty-nine and seventy-two hours after 
treatment showed similar results. 

The experimental results are graphically represented in the accompany¬ 
ing graphs (figs. 17, 18). A comparison of the two graphs shows that one- 
hour and five-hour treatments brought about similar kinds of cytological 
effects. After one-hour treatment recovery was complete after forty-eight 
hours; after five-hour treatment many more cells showed colchicine effects 
and recovery was not complete until sixty-six hours had elapsed. 

The graphs show that clumped metaphases were always more’ numerous 
than the scattered diplo-chromosome stages and hence are probably of longer 
duration. The scattered diplo-chromosome stage has the same type of curve 
as the clumped metaphases, they appear and disappear together. The pro- 
chromosome stage appeared later than the clumps and the scattered diplo- 
chromosomes, reached a maximum frequency late in the effective period and 
disappeared at complete recovery. 

It was at first thought that some of the different stages and effects en¬ 
countered might be located in different regions of the tip. After examining 
sectioned material, however, it was found that all these stages occurred in all 
regions of the meristem, plerome, periblem, and dermatogen. 

Description of c-Mitosis in Spinacia. In Spinacia as in other material 
under the influence of colchicine the prophases proceed normally. The chro¬ 
mosomes contract attaining their metaphase length at late prometaphase 
(pi. 2, fig. 24). There is no evidence of any spindle formation and the .chro- 
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Fig, 17. Frequency of definite effects in Spiimcia at various time intervals after five- 
hour treatment with 0.25 per cent colchicine. Fig. 18. Frequency of definite effects in 
Spinaoia at various time intervals after one-hour treatment with 0.25 per cent colchicine. 
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mosonies do not undergo congression on an equatorial plate but remain scat¬ 
tered in the center of the cell in their proinetaphase positions. This condi¬ 
tion may be considered as the be^iiinin^ of c-metaphase. This sta<?e in the 
absence of a spindle is ^rreatly prolonged and, as in AUhm, the chromosomes 
undergo marked changes. 

The division of the SA-region is delayed greatly. The long duration of 
c-metaphase, estimated to range from thirteen to fifty-eight hours, permits 
a much longer action of the spiralizing forces and the diplo-chromosomes 
become very tightly coiled and greatly shortened (pi. 2, figs. 25, 26). Homol¬ 
ogous arms of the diplochromosomes diverge at their free ends. The diver- 
geiK'e is not so pronounced as that found in Allium and may be due to the 
action of repulsion forces or, more probably, to the extreme tightness of 
the coil. 

The scattered diplo-chromosomes eventually come together forming a 
dense clump (pi. 2, fig. 27). The division of the SA-region usually takes 
place while the clumping is in progress and partial clumps are found with 
either diplo-chromosomes (fig. 28) or singles (fig. 29) lying outside the 
clump. Rarely the division of the SA-region takes place before clumping 
begins, resulting in cells with scattered singles (fig. 26) in the tetraploid 
number. The clumped metapliase condition is evidently of long duration, 
since the number of such clumped metaphases increases wdth the time under 
the influence of colchicine. Diplo-chromosomes or singles lying at a distance 
from the center of the cell are occasionally not included in the clump or in 
the subsequent restitution nucleus (figs. 28, 29, 35). 

In the abseilce of a spindle neither nuclear division nor cytokinesis ensues 
and the clumped metaphase stage is followed by a reversion phase which 
results in a tetraploid restitution nucleus. We have termed the first part of 
this process the f)rochromosome stage. The clump loosens up, the single chro¬ 
mosomes separate from one another and are seen to be shorter and thic^ker 
with the SA-region no longer discernible (pi. 2, figs. 19-22). At times there 
are indications of chromatic connecting strands between the chromosomes 
(figs. 20, 21). A nuclear membrane is formed at this stage. The nucleus en- 

Explanation of plate 2 

0 mitosis in Spmacia oleracea. Magnification of all photomicrographs x 750. Figs. 
19-23. Series of i)r()chromos()mc stages from sectioned material. Figures 24 to 40 are 
from smear pre])arations. Fir,. 24. Prornctaphase. Fif). 25. Scattered diplo-chromosomes. 
Fig. 20. Scattered singles. Fig. 27. Clumped metaphase. Fig. 28. (Mumped metaphase 
with two scattered diplo-chromosomes. Fig. 29. Clumped metaphase with a few scattered 
aingles. Figs. 30-33. Successive prochromosomc stages. Fig. 34. Keversion ])hase follow¬ 
ing prochromosome stage. Fig. 35. Ttestitution nucleus with one diplo-chromosome in the 
cytoplasm. Fio. 36. Secondary pairing in prophasc of an octoploid cell. Fig. 37. Secon¬ 
dary pairing at early c-metaphase of an octoploid cell. Fig. 38. Echinus stage, with diplo- 
chromosomes. Fig. 39. Echinus stage with single chromosomes. Fig. 40. Prochromosome 
stage in an octoploid cell. 
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larges and the chromosomes become evenly spaced about the periphery (figs. 
22, 23), the general appearance being similar to that of the preleptotene 
prochromosome stage described in insect spermatogenesis (Wilson 1925). 

As the prochromosomes become more widely spaced they begin to de- 
spiralize and the SA-region again becomes evident. This despiralization is 
apparently twofold, consisting of a slight separation of the gyres in the 
central region of the chromosome and a much more marked relaxation of the 
coil at the ends accompanied by a loss of (diromaticity (pi. 2, figs 30-33). 
This terminal relaxation of the coil (fig. 33) progressively involves a greater 
part of the chromosome while the prochromosoma 1 or more condensed region 
becomes smaller and eventually disappears. At the end of the prochromo¬ 
some stage the chromosomes are in the form of thin threads in a uniform 
relic spiral (fig. 34). The remainder of the reversion process consists of fur¬ 
ther despiralization, attenuation of the chromonemata, and loss of chro- 
maticity. In this way a tetraploid resting nucleus is formed. 

When a tetraploid cell enters prophase the twenty-four chromosomes are 
associated in twelve pairs. This primary pairing is probably an indirect 
effect of colchicine treatment being due to the lack of anai)hase separation 
in the previous c-mitosis. 

Octoploid cells were found which showed the forty-eight chromosomes 
associated in twelve groups of four chromosomes each. This secondary pair¬ 
ing is seen at prophase (pi. 2, fig. 36) and at early c-metaphase (fig. 37) be¬ 
fore the scattered chromosomes undergo clumping. Such cells were normal 
polysomatic paired tetraploids which underwent one c-mitosis, becoming 
secondarily paired octoploids. Similar secondarily paired octo])loids could 
presumably liave arisen from diploid cells by two successive c-mitoses. In the 
present case this possibility is eliminated by the experimental data (figs. 17, 
18) which show's that only one complete c-mitotie cycle occurred in these 
experiments, although some j)rophases of a second c-mitosis were found. 

The clumped metaphases of polyploid cells are looser than the diploid 
clumps and the chromosomes, single or diplo, radiate out like spines (pi. 2, 
figs. 38, 39). This is the echinus stage. The procliromosome stage (fig. 40) 
and later reversion stages in polyploids are similar in structure to those of 
diploid cells. 

DISCITSSION 

The most significant difference between c-mitosis in AUinm and in 
Spinacia is the presence of an achromatic sphere in the former and its total 
absence in the latter. Shimamura (1939) is probably correct in his view that 
the achromatic sphere is formed of spindle substance which is not organized 
into an effective spindle. Ai)])arently the protoplasm of Spinacia is of such 
a nature that it is unable to form any spindle substance in the presence of 
colchicine, while the protoplasm of Allium does elaborate some of the mate- 
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rial necessary for spindle formation. In the absence of the achromatic sphere 
the chromosomes of Spinacia form dense clumps at a stage wherein the 
diplo-chromosomes of Allium are gathered around the sphere. 

The many strange forms assumed by restitution nuclei in Allium are 
due to the persistent presence of the sphere, which continues well into the 
reversion phase and hinders the association of the chromosomes in a common 
restitution nucleus. Multinucleate cells, forms with macro and micronuclei, 
and lobulated nuclei are all due to the persistence of the achromatic sphere. 
In Spinacia no such unusual forms are encountered, the restitution nucleus 
regularly being spherical or nearly so. 

Another striking difference between Spinacia and Allium is the presence 
of the proehromosome stage in Spinacia and its complete absence in Allium, 
We can offer no suggestion as to the cause or significance of this difference. 
That it is a colchicine effect is clear since there is nothing resembling this 
stage in untreated material. 

SUMMARY 

1. In Allium under the influence of colchicine some unorganized spindle 
substance is produced and takes the form of an achromatic sphere about 
which the diplo-chromosomes gather at c-metaphase. 

2. In Spinacia no achromatic sphere of spindle substance is formed and 
the diplo-chromosomes form dense clumps at c-metaphase. 

3. The many strange shapes of restitution nuclei in Allium are due to 
the presence of the achromatic sphere. 

4. Restitution nuclei in Spinacia are regularly spherical or nearly so. 

5. The chromosomes of Allium during the reversion phase pass through 
structural conditions similar to those of normal anaphase and telophase 
chromosomes. 

6. The chromosomes of Spinacia during the reversion phase do not 
resemble anaphase or telophase chromosomes but go through a stage similar 
to the prochromosome stage of insect spermatogenesis. 

Biological Laboratory, Fordham University 
New York 
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MORPHOLOGICAL VARIATION AND CYTOLOGY OF 
BROMUS INERMIS^ 

Irving William Knobloch^ 

Bromus incrmis Leyss., smooth brome jrrass, was introduced into this 
country from Eurasia about 1882. The sjiecies is a long-lived perennial which 
spreads rapidly by rhizomes, and is a valuable grassland and forage crop for 
the prairie and plains states from Canada to Kansas. Brome grass survives 
under adverse soil conditions and is more drought-resistant than some more 
commonly used grass species. 

Variation has been noted in this specic^s by several investigators. 
Zherebina (1931, 1933), Waldron (1921), Keyser (1913), and Prolik and 
Newell (1941) noted that Bromus itiernus varies considerably in height, 
bushiness, seed production, yield of hay, length and width of blade, protein 
content, rhizome development, heat and drought tolerance, and disease re- 
sistan(*e. The present study of variation emi^hasizes, for the most part, 
characters not studied by previous investigators. In compiling the known 
ranges of measurements for eleven characters in Bromus mcrmis, as shown 
in table 1, many authors were consulted, but no higher or lower limits for 
the characters were found than those provided by Ilegi (1906), Hitchcock 
(1914, 1935), Shear (1900), Waldron (1921), Stebler and Schroter (1889), 
Armstrong (1937), Beal (1896), and Nowosad, Swales, and Dore (1936). 

The cytology of smooth brome grass has also been investigated. Avdulov 
(1928, 1931) reported the diploid number to be 56. Stiihlin (1929) recorded 
the di])loid number as 42. Nielsen (1939) confirmed Avdulov\s count and 
added a 70-chromo.some race. 

The present study emphasizes the range of morphological variation exist¬ 
ing in the species. The chromosome counts on numbered strains and selec¬ 
tions will facilitate breeding work and the ultimate production of desirable 
types for local conditions. 


MATERIALS AND METHODS 

The plants used in the present study were obtained from the forage 
crops breeding nursery of the Iowa Agricultural Experiment Station, Ames, 

1 Portion of m dissertation submitted to tlie Graduate Faeult.v of Iowa 8tate College 
in partial fulfillment for the degree of Doctor of Philosophy. 

2 The writer wishes to express his appreciation to Dr. J. E. Sass for suggesting the 
problem, and for helpful encouragement and advice throughout the course of the investi¬ 
gation and during the preparation of the manuscript. Thanks are also due to Dr. G. J. 
Goodman and Dr. I. J. Johnson for advice and to Dr. C. P. Wilsie for the use of the 
brome grass plants in the forage crops nursery of the Iowa Agricultural Experiment 
Station. 
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Iowa. These plants had been established from open-pollinated sing^le plant 
selections from many sources. Measurements made on plants from sixteen 
different strains and selections were compared with the published rang:e of 
measurements. In the cytological investigations, plants belonging to fifteen 
different strains and selections were used. Both root tips and pollen mother 
cells were examined. Variations of the Nawaschin (Craf) formula, FA A, 
and Carnoy’s fluid were used, and a crystal violet-iodine staining tecluiique 
was followed. 

MORPHOLOGICAL VARIATION 

The characters selected for a study of variation are given in table I, 
which shows the previously known range, the ranges encountered locally, 


TABLE 1. JRange in measurements of various characlers in Bromus mermis hy eight 
authors compared to measurements of plants grown at AmeSf Iowa. 



Uulm (mm.) 

Sheath 

Blade (mm.) 

Ligule (mm.) 

Panicle (mm.) 

Spikelet (mm.) 

First glume 
(inm.) 

Second glume 
(mm.) 

Lemma (mm.) 

Palea (mm.) 

4 

o 

lU 

O 

£ 

Various 

authors 

.lOO- 

14(10 

Gla¬ 

brous 

or 

pubes¬ 

cent 

3-19 

wide 

100- 

400 

long 

0.5-2 

100- 

203.2 

20-27 

4-5 

0-8 

7-14 

1 

Equal 

ing 

lemma 

2-10 

Local 

measure¬ 

ments 

480- 

1080 

Gla¬ 

brous 

or 

pubes- j 
cent 

3.5-9 

wide 

130- 

300 

long 

1-2 

80- 

200 

10-30 

3-7 

4-9 

7-ia 

5-10 

3-10 

Total 

range 

300- 

1400 

Gla¬ 

brous 

or 

pubes¬ 

cent 

3.5-19 

wide 

100- 

400 

long 

0.5-2 

80- 

203.2 

10-30 

i 

3-7 

4-9 

7-14 

5-14 

2-10 


and the total range now known to exist. Certain characters have been 
omitted from the table because no marked variation was noted. For example, 
the rhizomes are always creeping, the rachillas and secondary branches are 
always pubescent, the paleas are 2-uerved, the lemmas are 5-7-nerved, the 
first glumes are generally one-nerved, thp second glumes are always 3- 
nerved, the ligules are always lacerate, and the culms are generally glabrous 
except for nodal hairs. 

The following characters on local plants fall within the i)Bblished 
ranges: culm length, presence or absence of hairs on the sheath, length of 
blade, length of ligule, length of lemma, and number of florets per spikelet. 
The following characters were found to be above or below the published 
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ran^e: widtli of blade, heif^ht of panicle, leiif>:th of spikelet, lengrth of first 
{jflume, leiijifth of second jzlume, and len^fth of palea. Table 1 shows, therefore, 
that Bromvs inennis i^aries considerably in the eleven selected characters. 
Wide variation was also found to occur within particular strains or 
selections. 

MITOSIS 

Mitosis is observed most easily in the root-tips. In addition to the nuclear 
reticulum, each jiroydiase nucleus contains 1-5 usually spherical nucleoli 
varying* from 1.4 to 6.8 microns in diameter. Somatic chromosomes at meta¬ 
phase are iiredominantly J- or V-shaped (fio\ 1), with sub-median or 
median spindle-fiber attacliments. Chromosomes vary in length from 4.4 to 
6.8 microns and are approximately 0.6 microns in thickness. 



Fig. 1. Mitotii* inetapliaHo in a root tip coll of a lu‘.\a])Ioi(l plant (2n-42). x SOO. 
Fig. 2. Motaphasc* of first division in a pollen mothor coll of a lioxajdoid. x 800. Fig. 3. 
^lotajdiaso of the first division in a pollen mother cell of an oetoploid (2n rr .")(}). l,r)()0. 

Mitosis appears to be rather regular in the root-ti})s of smooth brome 
grass. Precise metajihase alignment of the spindle-fiber attachments occurs. 
No evidence of lagging or other irregularity was noted. 

MEIOSIS 

The ])ollen mother cells are favorable for studies of some aspects of 
meiosis. Early ])ro])hase studies were not emphasized. Late prophase chromo¬ 
somes are all straight rods, and diiJ*ing diakinesis they range in length from 
2.6 to 5.2 mic!*oiis. One nucleolus is jn-esent in prophase and ])ersists up to 
late diakinesis. Usually all the pollen mother cells of a field exhibit the same 
stage of meiosis, but occasionally both metaphase and anaphase or even 
metaphase and telophase figures are found together. 

At metaphase the chromosomes range from 1.3 to 2.6 microns in length. 
Usually the metaphase plates exhibit only bivalents, but occasionally both 
bivalents and univalents are found on the same ])late. 

During anaphase, marked irregularity is evident. In some cells a few 
chromosomes reach the polar region well in advance of the majority. More 
frequently, a few chromosomes lag and reach the poles late. Some bivalents 
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evidently fail to disjoin as quickly as others do. An unusual ease was noted in 
which 28 bivalents, the normal number for that plant, separated into two 
groups of 14 bivalents each, which moved to opposite poles as bivalents. 

Many of the laggards arrive at the poles in time to be included in the 
telophase nuclei. Frequently, however, one or more chromosomes may be 
observed lying in the cytoplasm near the reorganized nuclei. These chromo¬ 
somes probably disintegrate, for they are not often seen in the diads. 
Occasionally, chromosomes become enmeshed in the partition wall of the 
diad. 

The second division follows the first division quickly. The spindle is 
oriented at right angles to the spindle of the first division and in the same 
plane, resulting in the four microspores lying in one plane. In general, the 
second division exhibits regularity, but precocious as well as lagging ana¬ 
phase separation may be observed. The four microspores frequently show 
chromatin material in the cytoplasm left from either the first or second 
divisions or both. 

An examination of 27 plants belonging to 15 strains and selections 
showed that five of the plants have a diploid number of 56 (fig. 3), and 22 
plants have a diploid number of 42 (fig. 2). 

In view of the fact that Bromus inermis varies greatly morphologically 
and that cross-pollination freely occurs, it is possible that natural crossing 
is responsible for some of the known chromosome irregularities. These ir¬ 
regularities may furnish a basis for the morphological variation in the spe¬ 
cies. It is also probable that the environment exerts an influen(*e upon the 
expression of the characters. 

DISCUSSION 

The present study of variation in smooth brome grass reveals a greater 
variation in six characters than hitherto reported. In showing extensive 
variation in morphological characters, smooth brome grass is similar to other 
grass species. For example, Wilkins (1928) noted variation in Anthoxan- 
thum and TriticAim; H. Witte (1912) found plants of Phlevm pratense, 
Dactylis glomerata, Festnca pratemis, and Avena elatior to vary greatly 
within the species; Webber (1912), Hayes and Barker (1922), and Clark 
(1910) studied variation in Phleum praUnse particularly; Gregor and 
Sansome (1927) executed variation studies on Phleum ^ Lolium, and 
Dactylic; and Brown (1939, 1941) noted that plants of Poa praiensis vary 
considerably. 

Miintzing (1936) estimated that at least 100 species of plants are known 
to have intraspecific races differing in chromosome number. Such races also 
show morphological variation. Many grasses are included in Miintzing ^s 
list such as Phleum pratense, P. alpina, Aegilops iriaristata, A. crassa, 
Festuca ovina, F. pratense, Tripsacum dactyloides, and Dactylis glomerata. 
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Fults (1942) found six biotypes in Bouteloua gracil'is, Raneken (1934) 
noted that Festuca pratensis^ Poa praiensisj and Alopeciirns pratensis vary 
amonf? themselves. 

In the present study, five of the twenty-seven plants are oetoploids and 
twenty-two plants are hexaploids. Avdulov’s and Nielsen ^s chromosome 
counts of 56 and Stiihlin’s count of 42 are all confirmed. No race with 70 
chromosomes was found such as Nielsen reported. 

SUMMARY 

Measurements on eleven morpholojyical characters in Bromus inermifi 
revealed six characters which vary to a prreater extent than previously re- 
j)orted. These six characters are: blade width, lengfth of panicle, length of 
spikelet, length of first glume, length of second glume, and length of palea. 

Mitosis in the root tips is regular. The somatic chromosomes range in 
length from 4.4 to 6.8 microns and are approximately 0.6 microns in diam¬ 
eter. Metaphase meiotic chromosomes range from 1.3 to 2.6 microns in 
length. Precocious disjunction and lagging were observed in the first and 
second divisions. 

Twenty-seven plants belonging to fifteen strains and selections were ex¬ 
amined for chromosome number. Five of the plants have a diploid number 
of 56, and 22 plants liave a diploid number of 42 chromosomes. 

Natural crossing between the highly variable strains and selections is 
believed to account for at least some of the chromosome irregularity ex¬ 
hibited by the species. Meiotic irregularities in the pollen mother cells possi¬ 
bly account for some of the morphological variation shown. The environment 
may affect the expression of characters. 

Department op Botany, Iowa State C'ollec.e 
Ames, Iowa 
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PLANT SUCCESSION ON TALUS SLOPES IN NORTHERN 
IDAHO AS INFLUENCED BY SLOPE EXPOSURE’ 

R. F. Daubenmire and A. W. Slipp 

One of the most conspicuous features of the forested regions of northern 
Idaho is the small treeless areas whic^h occupy portions of the southerly ex¬ 
posures of especially prominent peaks and ridges. These areas, sometimes 
referred to as parks or balds, begin at the summits of the prominences and 
extend down over the south-facing slopes sometimes as much as approxi¬ 
mately 200 m. Each park is essentially an island of prairie-like vegetation 
surrounded by belts of shrubs and scattered trees, and then by dense forest. 
Few if any of the mountains of northern Idaho are high enough to have a 
climatically determined upper timberline, so these parks are not to be con¬ 
fused with alpine vegetation. 

On an east-Avest ridge in Bonner County, Idaho, approximately midway 
betAveen Priest and Pend Oreille lakes, the Avriters were attractted by a series 
of open talus areas on the north slope Avhere the climax vegetation is fore^^t, 
and to one Avhich is located on exactly the opposite slope in a park (fig. 1). 
These talus areas seemed to offer an excei)tionally good opportunity to com¬ 
pare the effects of conditions associated Avith slope exposure upon the course 
of vegetational development on bare areas otherAvise identical. Talus slopes 
are abundant in the northern Rocky IViountains, but obserA^ations were con¬ 
fined to the opposite sides of this single ridge in order to eliminate A^ariations 
in macroclimate between bare areas. The Iavo rock slides studied are exactly 
opposite, about 300 meters doAvn the slope on either side of the crest of the 
ridge. 

The talus on both exposures consists of blocks of metamorphosed granite 
Avhich for the most part vary betAA’een one-(|uarter of a meter and one meter 

1 The writers nre indebted to tlie Northern Rocky Mountain Forest and Range Ex- 
))eriment Station for the use of laboratory and other facilities of the Priest River Exi»eri- 
mental Forest which were of material assistance in making this study. 

Fuj. 1. General view looking east along T.ooking Glass Ridge. The rock slides studied 
are in the distance .iust below the highest knob on the horizon but not visible in this 
j)hotograph. dust within the forest toward the top left corner of the picture is an area 
where the topogra])hy favors such a heavy accumulation of snow that the trees are ex¬ 
tremely dwarfed and misshapen. Fig. 2. General vi(‘w of fir forest on the north side of 
Looking Glass Ridge. Note upper edge of park on opposite (south-facing) slope in dis¬ 
tance. Elongate strips of vegetation on talus in foreground consist chiefly of Menzusta 
ferrnginca and Abies lasioearpa, Flo. .3. Edge of talus on south-facing slo])e shoiving 
mats of Erioffonnm subalpinuvi^ invading the rock mass and preparing the way for grasses. 
The stake is marked off in decimeters. 
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in diameter. Among these angular boulders there is practically no finer 
detritus to serve as soil material. This lack of soil and the instability of the 
surface layers of rocks are the two major factors which have long retarded 
the colonization of these areas by plants. 

STTCCESSION ON THE NORTH SLOPE 

Succession is initiated on the north slope by mosses which become estab¬ 
lished in the niches formed by the accidental arrangement of boulders. 
Around the periphery of the open expanse of talus, where nearby trees can 
exert a sheltering influence, the mosses are very aggressive in that they seem 
not to demand a better substratum than is provided by the bare rock surface, 
and the colonies soon spread so as to completely cover the walls of the niches. 
Toward the central part of the open talus area mosses seem more dependent 
upon a previous accumulation of weathered rock fragments or bits of litter 
blown from the forest, and the colonies do not spread so vigorously as near 
the edge of the forest. The advent of vascular plants, and therefore the con¬ 
tinuation of the sere, seems in every case to be dependent upon these moss 
colonies whi(‘h provide lodging for the disseminules and hold suflBcient mois¬ 
ture to supply the seedlings until their roots have extended dowui through 
the cool moist cavities among the talus blocks to the more permanent mois¬ 
ture supplies which lie below. 

The pioneer vascular plants which enter upon the mosses likewise reflect 
a slight differentiation between the central and perii)heral portions of the 
talus habitat. Usually herbs such as Cheilanthes gracillima D. C. Eaton, 
Cryptogramma acrostichoides R. Br., Aquilegia flavcsccns S. Wats., At}g€lica 
sp., Pcmtemon fruticosus (Pursh) Greene, and Arvica sp. follow the mosses, 
but in peripheral regions the shrub M(nziesia ferruginca Smith may enter 
the sere at this point. Over most of the talus a wider variety of shrubs includ¬ 
ing Rihes in'scosissimum Pursh, E. lacustre (Pers.) Poir., Sorhvs occidentaliH 
(S. Wats.) Greene, S<wihiiciis melanocarpa A. Gray, Eubits, and Amclan- 
chicr follows the establishment of the herbs. Thus far there is hardly enough 
interrelationship between the individuals representing a given stage in suc- 
(Tssioii to refer to eacdi stage as an association. However, the next clearly 
marked stage of development is a closed association dominated by Menzicski 
fvrruginea Sm. and Xcrophyllum tcnax (Pursh) Nutt. The slight difference 
in suc(»essional trend between i)eri])heral and central parts of the talus slope 
practically disappears with the development of the Menzicsia-Xcrophyllum 
thicket. 

The climax dominant, Abies lasiocarpa (Hook.) Nutt., germinates in the 
shelter of the Menziesia-Xerophylhim association, and the final adjustments 
leading toward stability come about as the trees increase in size and abun¬ 
dance so that a closed forest is formed. Menziesia and Xerophyllum, which 
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are the dominants of the preclimax association, persist as the most important 
plants in the dense underg:rowth of the forest. Stability is finally attained 
by the replacement of relic herbs and shrubs of the open talus by minor 
constituents of the climax forest. 

In general, the initiation of succession upon this north slope is nearly 
independent of talus activity, but the continuance of succession at a given 
point of origin depends upon comparative stability which may be provided 
by either topographic or substratal features. Eolling fragments tend to con¬ 
verge into valley-like depressions down which boulders roll frequently, leav¬ 
ing alternating strips of relatively stable material. Also, less extensive but 
more permanently stabilized areas may be provided in the lee of exception¬ 
ally large boulders which are too deeply imbedded in the detritus to be 
affected by surface movement. Small rocks are diverted to each side of those 
larger boulders leaving quiescent areas on the slope immediately below. The 
island-like thickets which develop at such places always expand most rapidly 
in a direction at right angles to the contour lines, down the strij)s of quies¬ 
cent material which alternate with paths along whi(‘h the movement of 
boulders is active. The forest stage makes its first appearance as a narrow 
strip extending down the axis of these elongate islands of shrubby vegetation 

(fi^. 2). 

The sere on the north slope, as described above, may be expressed in a 
simplified diagram which shows the chief stages as follows: 

Abies-Menziesia Association 

t 

Menziesia-Xerophyllum Association 

y \ 

crevice shrubs Menziesia 

crevice herbs 

t \ 

(non-peripheral) (perii)heral) 



moss mat 


TALUS 


SUCCESSION ON THE SOt^Tn SLOPE 

The surface of the talus area on the south side of the ridge is not so steep 
as that on the north slope, so that instability is here not so imi)ortant a 
factor in retarding plant invasion. However, the lack of a substratum with 
adequate water-holding powers appears to be so much more important on 
this slope that despite the greater stability of the surface, plant invasion of 
the talus here is at least as slow as on the north slope. 
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Moss patches, which on the north slope fostered the development of 
islands of vegetation at scattered loci over the tains surface, are almost 
entirely lacking on the dry south slope and invasion is accomplished by the 
marginal encroachment of vascular plants unpreceded by cryptogams. The 
crustoso lichens, which are fairly abundant on the rocks here, seem to be 
wholly inconsequential in the establishment of higher vegetation. 

Eriogonum siihalpinum (Ireene is the most characteristic species leading 
the mass encroachment of vegetation onto the loose rocks (fig. 3). The dense 
mat of low stems and leaves produced by this plant is admirably suited for 
the accumulation of litter and wind-borne mineral fragments. The fringe of 
Eriogonum about the open talus is thin and frequently discontinuous, and 
in places dead, wind-eroded Eriogonum mats demonstrate that plant suc¬ 
cession on this slope is vulnerable to reverses during seasons of exceptional 
drought. 

Immediately behind the Eriogonum fringe occur the species which com¬ 
pose the prairie-like climax. As stated previously, the permanent plant cover 
on the most exposed portions of the park is a grassland, while on less exposed 
situations occur individual trees or small groves of Finns albicaiilis Engelm., 
Fsrudotsuga iaxifolia (Poir.) Brit., and occasionally Abies lasiocarpa (fig. 
1). There is no evidence whatever that the trees can increase to replace these 
grasslands under the existing climatic conditions. Among the most conspicu¬ 
ous vascular plants of the grasslands are: Festuca idahoensis Elmer, Agro- 
pyron spicatum (Pursh) Scribn. & Smith,- Xerophyllum fenajr (Pursh) 
Nutt., Carex geyeri Boott., Arenaria formosa Fischer, Lupinus sp., Achillea 
lamdosa Nutt., Aster stenomeres (Iray., Henecio integerrimns Nutt., llier- 
aeinm albertinum Farr. The relatively simple succession on the south slope 
may be diagrammed as follows: 

Forest Association 

t 

I 

(less ex})osed sites) 

I 

1 

Festuca-Agropyron Association 

r 

Eriogonum 


TALUS 


ENVIRONMENTAL DIFP^RENCES ON TUE TWO SLOPES 
In spite of the short distance separating the two talus areas described 
above, there is an extremely sharp difference in the seres and the climaxes 

In this ])arti(‘iilar park most plants are of the awnless form, althongh a few indi* 
viduals possess short aw us. 
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in which they culminate. Even the floras are almost wholly distinct—^the only 
species in common is Xerophyllum ienax. These facts must be interpreted as 
indicatinf? the existence of some factor or factor-complex which produces a 
net environmental difference proportionally as great as the vegetational 
difference. 

Frequently the obvious difference in water balance associated w^ith north 
and south slopes has been attributed to insolation which causes higher tran¬ 
spiration, evaporation, and temperature on the south slope, with the result 
that both the soil and air are drier there. To determine the extent to which 
this explanation might be applicable to the ridge studied, comparative mea¬ 
surements of evaporation stress were made. Stations were established in open 
talus areas on both slopes, as well as in the climax forest on the north slope 
and the climax grassland on the south slope. The data obtained (table 1) 

TABLE 1. Mean daily water-loss in milliliters from standardized spherical atmome- 
ters operated during a 4-weelc period: June ^9-July 27, 1941. 


Location of instruments North slope South slope 

Open talus 
Large area 
Small area 
Climax vegetation 


show that (a) the evaporation rate is consistently lower iji the climax (*om- 
munities than on the primary bare areas, (b) the severity of this factor 
decreases less as a result of succession on the south than on the north slope, 
and (c) the evaporation rate alone is not a critical factor governing plant 
succession here, for the evaporation rate on large talus areas on the north 
slope may be greater than the rate on a small area on the south slope. The 
type of vegetational development is correlated with direction of exposure 
rather than with the size of the talus area; the succesvsioiial pattern is essen¬ 
tially identical on large and small talus areas on either slope, regardless of 
differences in evaporation stress. 

Other environmental measurements directly applicable to the present 
problem have been made on both north and south slopes near the west end 
of the ridge by Hayes.^ He maintained stations in open situations on both 
slopes during the summer months for a period of three years. His data show 
that although summer precipitation and mean daily relative humidity (at 
4.5 feet above the ground) are approximately equal on both slopes, wind 
velocity on the south slope averages 1.1 m.p.h. greater than on the north, and 
the 8-year average of median maximum duff surface temperatures was 
148® F. on the south slope in contrast to 111® on the north slope. 

3 Hayes, G. C. 1941. Influence of altitude and aspect on daily variations in factors 
of forest-fire danger. TT.S.D.A. Circ. 591: 1-.39. 


41.0 

29.8 40.5 

11.2 36.1 
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The possible importance of lethal soil surface temperatures in the present 
problem can be discounted at once, because species characteristic of the north 
slope cannot gcrow even in the shade cast by the dense tall grasses which cover 
the south exposure. 

Although measurements of wind and of duff moisture both indicate a less 
favorable water balance on the south exposure, even their cumulative in¬ 
fluence is not commensurate with the great difference in vegetation on the 
two slopes. Clearly none of the atmospheric conditions measured by Hayes 
or by the writers differs sufficiently in midsummer to account for the vast 
difference in xcrism which is indicated by the vegetation itself. 

Two aspects of winter climate seem to deserve consideration with regard 
to this problem of environmental differentiation. There is abundant evidence 
in the liockies that at upT)er timberline strong winter winds may evaporate 
more water from trees than can be absorbed from the cold soil so that winter 
killing results. This form of injury invariably results in strikingly asym¬ 
metrical trees, and since the pines and Douglas firs around the open grass¬ 
land on Looking Glass Ridge are neither uniformly nor strongly asymmetri¬ 
cal, the writers do not believe that winter winds are sufficiently strong to 
account for the differences in water balance on the two slopes. 

Another ])henomenon associated with winter is the difference in amount 
of snow accumulation on the north and south slopes. A very high percentage 
of the snow which falls on the south slope is transferred to the north slope 
by wind action, even though the wind is not strong enough to distort the trees. 
So deep is the accumulation of snow just to the lee of the crest of Looking 
Glass Ridge that in places the trees exhibit an extreme degree of dwarfing 
and distortion (fig. 1). The lower surface temy)eratures on the north slope, 
combined with the greater accumulation of snow, enable the snow cover to 
linger here until very late in the spring, and as a result the season of active 
I)lant growth does not begin on the north slope until long after a comparable 
stage is attained on the south sloi)e. In consecpience, the criti(*al dry season 
on the south slo])e is lengthened by a period of time equal to this difference 
in the initiation of vegetative activity on the two exposures. In the opinion 
of the writers such a difference in the length of the season of cumulative 
drought, during which plants are active yet must rely almost entirely upon 
soil moisture accumulated during the winter, constitutes the only influence 
sufficiently great to be commensurate with the pronounced differences in 
vegetation on the two slopes. 

SUMMARY 

Plant succession is described on talus slopes on the north and south faces 
of an east-west ridge in northern Idaho. Although the two areas studied are 
located very close to each other and at approximately the same elevation, 
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the environments differ so greatly that the processes of vegetational inva¬ 
sion, the serai communities involved, and the climax communities attained 
on each are strikingly different. The relative dryness so evident on the south 
slope is attributed primarily to the fact that the scanty snow accumulation 
operating together with high surface temperatures greatly advances the 
inception of the growing season here, and as a result the season when tem¬ 
perature is favorable for growth is so long that soil moisture reserves are 
exhausted before the summer is over. 
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FLOATING MATS ON A SOUTHEASTERN COASTAL PLAIN 

RESERVOIR 

Kenneth W. Hunt 

INTRODUCTION 

It has been shown that a eontrolliii" factor in the vegetation of the South¬ 
eastern Coastal Plain is the widely flnetuatinj^ water table of this flat, poorly- 
drained rejrion (3, 5). Most of the coastal plain ^‘ponds’’ are not permanent 
bodies of water, and therefore do not maintain a marsh vegetation such as is 
seen in the north. Instead, they are invaded durinj? the occasional prolonj^ed 
periods of drou{j:ht by the woody jilants of the shrub-bof»' community, which 
then remain throupfhout subsetpient fluctuations of the water table (1, 4). 

This raises the (piestion of what the vefretation would be on a pond or 
reservoir of this rejxion with a sufficiently constant water supply to prevent 
the wShrub-bo<»: development. Some evidence in rejrard to this question is to be 
found in the floating mats on the (loose Creek Reservoir, near (^hark\ston, 
S. which are described herein. Results of inquiry on the part of the writer 
indicate that this is not a solitary case. Reports have been received of floating 
mats on “ponds'^ in Accomac, Nottavvay, Charles City, and eJames City coun¬ 
ties, Virj*:inia; on a mill pond at Florence, S. C.; on a reservoir at Ormi^xe- 
burj?, S. C .; and on natural lakes at White Springs, Oranjre Lake, Leesburj^*, 
McIntosh, and Ai)opka, Florida. (Assurance was ^iven that these Florida 
localities display not merely water hyacinth, Eichhorniu crassipcs Solms, 
but true mats supportinji: trees and shrubs.) The writer will appreciate re¬ 
ports of any other examples, even thoujrh it may not be [lossible to visit any 
of these under present war circumstances. 

Although reservoirs are scarce on the sparsely pojmlated coastal plain, 
it may be exiiected that more will be provided if the industrial development 
of the Southeast jiets under way. The recently completed Santee-Cooper 
Power Development on the South (.'arolina coastal plain provides 165,000 
a(*res in two permanent reservoirs, which finished fillinti; in Sejitember, 1942. 
{Alternanthera philoxcr^oides^ is already widespread in the upper Santee 
reservoir.) Alon^ several of* the arms of these reservoirs the XT. S. Pish and 
Wildlife Service has constructed four Refujre Impoundments with stabilized 
water levels, to be stocked with marsh plants selected for their wildlife food 
value. At other points alon^ the shores of the reservoir the Health and Sani¬ 
tation Division of the South C-arolina Public Service Authority is enj^affed in 

i Authorities for nil plant names mentioned are cited subsequently in the li.st of 
species collected. 
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restricting the vegetation for the purpose of malaria control. For these and 
other reasons, a knowledge of the vegetation which would normally develop 
on permanent coastal plain bodies of water should be of practical as well as 
academic interest. 

DESCRIPTION OP THE GOOSE CREEK RESERVOIR 

The Goose Creek Keservoir was formed in 1903 when the creek was 
dammed at a point 12 miles north of Charleston. This caused inundation of 
old sea-level rice fields which had reverted to brackish marsh. The reservoir 

TABLE 1.* Hydrogen-ion concentration of Goose Creeh Seservoir, colorimetrically 
determined. 


Before construction of the Edisto tunnel 


Since construction 
of the tunnel 


1923 

6.6 

1928 

6.6 

1933 

5.9 

1938 7.1 

1924 

6.3 

1929 

6.4 

1934 

6.0 

1939 7.0 

1925 

6.5 

1930 

6.2 

1935 

5.9 

1940 6.5 

1926 

6.7 

1931 

6.1 

1936 

6.1 

1941 6.4 

1927 

6.8 

1932 

6.1 

1937 

6.0 




Average, 1923- 

-1937; 

6.3 


Average, 1938- 
1941: 6.8 


* Arranged from 23rd Annual Report, Commissioners of Public Works, Water 
Department, Charleston, S. C. 


TABLE 2.* 

Mineral analyses^ raw water {parts per million). 



December 1, 1936 

November 28, 1939 


Goose Creek 

Goose 

Edisto 


(Only supply) 

Creek 

River 

Sodium 

7.56 

9.83 

6.19 

Potassium 

Trace 

0.64 

0.64 

Magnesium 

2.83 

1.42 

0.55 

Calcium 

3.25 

4.00 

2.00 

Iron 

0.75 

0.80 

0.70 

Aluminum 

0.07 

0.40 

0.51 

Chloride 

16.00 

14.00 

6.00 

Sulphate 

0.90 

4.11 

3.29 

Insoluble matter 

0.30 



Loss on ignition 

30.00 

38.00 

14.50 

Bicarbonate 


17.08 

12.20 


* Arrjinged from 23rd Annual Report, Commissioners of Public Works, Water 
Department, Charleston, 8. C. 

is shaped like a question-mark, with a course 10 miles long and a maximum 
width of five-eighths mile near the lower end. The area comprises 2150 acres, 
inundated to an average depth of 4 feet. The upper half of the reservoir is 
almost wholly covered with floating vegetation. In the lower half the floating 
mats conceal perhaps one-third of the surface (figs. 1, 4); some'lobes nearly 
meet in the center of the reservoir, but are prevented from doing so by a 
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perceptible current. Much of the mat is composed of cat-tails, but over ex¬ 
tensive areas shrubs and trees have become established. Occasionally during 
storms portions of the mats are torn loose, and islands with small trees upon 
them have been reported sailing down the middle or across to the opposite 
shore (fig. 3). 

The vegetation was given an early start within a year after construction 
of the reservoir when large masses of partially decayed roots and humus rose 
to the surface. Upon this support a growing mat was quickly established, and 
though acres of it were removed by the engineers, its growth continued. 
Meanwhile mats began creeping out from the shores. By 1923 it was neces¬ 
sary to remove some 50 acres of vegetation from the lower end of the reser¬ 
voir to keep the intake clear. 

The average pH value of the reservoir water, based on yearly figures 
from 1923 through 1937, was 6.3. In 1937 the Edisto tunnel was completed 
through 23 miles of marl, bringing water from the Edisto River into the 
reservoir. As a result of contact with the freshly-cut marl, the new water 
supply was alkaline, the net pH value in the reservoir rising to 7.1 in 1938, 
b\it it has now dropped back nearly to the former average (table 1). Mineral 
analyses are supplied separately for Goose Creek water and Edisto River 
water (table 2). 

There was iio material depletion of the reservoir until the period from 
1916 through 1918, when storm damages, drought, and extra water require¬ 
ments during the war combined to wholly empty the reservoir by November, 
1918. (By the following January the level was again half normal.) Partial 
depletion recurred in 1927 and 1932. Since the opening of the Edisto tunnel 
in 1937 there has been not over 6 inches depletion. 

DESOKIPTION OP THE VEGETATION 

The general aspect, as one looks from the water over the mats and sees 
successively knot-weed {Polygonum)^ cat-tail {Typha)^ and willow {Salix), 
is that of the marsh stage in the northern pond hydroserc. Closer inspection 
reveals that some of the main body is reaching the forest stage, and that a 
third of the species on the mats are plants restricted to the coastal plain from 
New Jersey southward, in the })ioneer zone, most of the plants are southern. 


Explanation of figures 1-4 

Fig. 1. Development of a floating mat from the shore of the reservoir, showing the 
pioneer zone, cat-tail zone, and shrub zone. Fig. 2. Jnsniaea grandiflora of the pioneer 
zone, photographed from a distance of 5 feet. Fig. 3. View taken in late winter. In the 
middle distance' is a floating island mat, on which are discernible the pioneer zone, the 
cat-tail zone (lighter strip), and the main body. Fig. 4. View over the main body of a 
mat, taken from a cypress near its center. This mat has been partially disrupted, with loss 
of the cat-tail zone. In the middle distance is another floating mat. Note the trees on 
both mats. 
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and the two dominants, Jussia^a grandiflora and Alternanthera phUoxe- 
roides, are species not seen north of North Carolina. 

1. Pioneer Zone. This zone averages perhaps 50 feet in width. The 
foremost pioneer is Jussiaea graTtdiflora, a dimorphic plant, with floating 
stems bearing oval glabrous leaves at the very fringe of the mat, succeeded 
farther back by upright branches bearing linear hirsute leaves (figs. 1, 2). 
In some j)laces the advance position is locally usurped by Ilydrocotyle 
ranuncnlmdcs, Allvrnanihcra philoxeraides reaches nearly to the fringe, and 
together with Jussiaea grandiflora forms the warj) and woof of the mat, the 
base upon which the cat-tails later start. Interwoven to a lesser extent are 
Polygonum densiflorum. Polygonum acre, and a grass, Sacciolcpis striata. 
Annuals which grow upon this sui)T)ort are Bideyis laevis, Boehmeria cylin¬ 
drical and Habenaria re pens. 

2, 3. Cat'tail Zone and Shrub Zone. The cat-tail zone varies from 25 
to several hundred feet in width. The solid expanse of Typha latifolia is 
varied only by o(‘(‘asional jilaiits of Kosieletzkya virginica. Intervening be¬ 
tween this and tin* main body of the mat is a narrow shrub zone of scattered 
Salij' nigra interspersed vdth abundant Myrica cerifera. 

4. Main Body. The main body of the floating mat displays a varied 
flora, and is reaching the forest stage of its succession. Acer ruhrum is fre¬ 
quent, with (X'casional specimens of Persea puhescens and Taxodinm dis¬ 
tich um. Beneath these trees and the accompanying shrubs are several species 
of ferns and herbac-eous flowering iilants, usually growing upon a thick base 
of Sphagnum. Here and there portions of the mat have sunk too rapidly, 
with d(*struction of the Avoody plants. This siidving occurs during the winter, 
when some of the vegetation dies back. Some of these areas have been filled 
in with a dense growth of Panicum virgaium and Rubvs betulifolius. Others 
have a more varied flora, including several ajinuals, and dense growths of 
such vines as Agios fuberosa and Mikania scandens. Decodon veriicillatus, 
the familiar ])ioneer in northern bogs, occurs in these interior open areas, but 
only in minor degree. Where oiien Avater oecurs in the sunken areas it sup- 
l)orts a groAvth of Azolla caroliniana, Wolffiella flornlana, and occasionally 
Lim nobiuni Spongia. 

These four zones are by no means evenly dcATloped. At some places what 
is designated as the ‘‘main body” is lacking (fig. 1). ElseAvhere, probably 
owing to disrujition by storms, the cat-tail zone is lacking, and a narrow pio¬ 
neer zone ap])ears to be making a fresh start directly from the shrub zone 
(fig‘4). 

The plants in the following list were identified from reservoir specimens 
now filed in the College of. Charleston herbarium. The collections were made 
on Aug. 30, 1941, March 7, 194‘2, May 9, 1942, July 11, 1942, and Oct. 
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17, 1942. Additional trips at different times and to other portions of the 
reservoir should add new names to the list, but it is not expected that the 
additions will materially affect its pattern. 

The plants listed for each zone are arranged roughly in order of fre¬ 
quency. The letter S before a name indicates that the plant belongs to the 
Southern Coastal Plain and does not normally occur north of New Jersey. 


PIONEER ZONE 

S Jussiaea grandiflora Mich. 

8 Altemanthera philoxeroides Griseb. 

ITydrocolyle ranunculoides L. f. 

8 Polygonum densiflorum Meisn. 

Polygonum acre HBK. 

8 Sacciolepis striata (L.) Na«h. 

Bidens laevis (L.) BSP. 

Boehmeria cylindrica (L.) Sw. 

8 Habenaria repens Nutt. 

CAT-TAIL ZONE 
Typha latifolia L. 

Kostcletzkya virginica (L.) Preal. 

SHRUB ZONE 

8 Myrica cerifera L. 

Salix nigra Marsh. 

MAIN BODY 
Trees and shrubs 
Acer rubrum L. 

8 Taxodium distiehvm (L.) Richard 
8 Per sea pubcscens (Pursh) Sarg. 
Cephalanthus occidentalis L. 

Sambucus canadensis L. 

8 Viburnum scabrellum (T. & G.) Chapm. 
Amorpha fruticosa L. 

Undergrowth 

Woodwardia arcolata (L.) Moore 
Woodwardia virginica (L.) Small 
Osmunda regalis L. 

Thelypteris paJustris Schott. 

Sphagnum sp. 

Saururus cernuus L. 

Eleocharis sp. 

Carex Jlowei Mackenzie 
Galium tinctorium L. 

8 Globifera umbrosa (Walt.) J. F. Gmel. 


Utricularia biflora Lam. 

Lycopus rubellus Moeneh. 

Bhus Toxicodendron L. 

8 Smilax. Walteri Pursh. 

8 Ttllandsia usneoides L. 

Open area growth 
Panicum virgatum L. 

8 Bubus beluhfohus Rmall 
Apios tuberosa Moeneh. 

Mikania scandens (L.) Willd. 

8 Ipomoea sagittata Cav. 

Cuscuia sp. 

Sagittaria latifolia Willd. 

8 Eleocharis ochreata (Nces.) 8teud. 
Utricularia gibba L. 

Hydrocotyle umbellata L. 

Boehmeria cylindrica (L.) Sw. 
Habenaria repens Nutt. 

8 Pluchea foetida (L.) DC. 

8 Xyris communis Kunth. 

Eupatorium purpureum L. 

8 Eupatorium leptophyllum DC. 

8 Ludwigia alata Ell. 

8 Hypericum petiolatum Walt. 

Hypericum virgin icum L. 

Hypericum mutilum L. 

Cicuta Curtissn Coult. & Rose. 
Ptilimnium capillaceum (Mich.) Raf. 
Erechtites hicracifoha (L.) Raf. 
Decodon verticillatus (L.) Ell. 

8 Erianthus giganteus (Walt.) Miihl. 
Hibiscus ocuhroseiis Britton 
Solidago sp. 

Pools in sunken areas 
Asolla caroliniana Willd. 

8 Wolfflella floridana (J. D. Smith) Thomp. 
Limnobium Spongia (Bose.) Richard 


Additional plants of the reservoir, not associated with the mats, are 
Nymphaea advena Ait., Cabomba caroliniana Gray, Potamogeton pusilhis 
L., and abundant algal growths. Zizaniopsis miliacea (Michx.) Doll & Asch. 
grows on the bank near the intake, where the floating vegetation has been 
cleared away. 

Wildlife is plentiful on the mats. Many species of birds are in evidence, 
including herons and snowy egrets. Several snakes have been seen, and abun¬ 
dant rabbit signs. 
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DISCUSSION 

It is sif^nificant that the above list of plants is that of a strictly mesic 
succession, from marsh to incipient forest, with the xeromorphic bogr sta^e 
entirely missing. It therefore cannot be compared to the floating vegetation 
of northern bogs, nor to the xeromorphic shrub-bog and savannah communi¬ 
ties of the Southern Coastal Plain. 

This community obviously got its start as the result of the creation of a 
permanent body of water. Because the bottom was never exposed to the air, 
except for a few weeks in the winter of 1918-1919, there was no opportunity 
for the development of a cypress swamp (2, 6). Neither were any of the 
shrub-bog plants able to invade this permanently inundated basin. But over 
the surface a floating community quickly developed, favored by the w^arm, 
long growing season of the southern climate. The chief j)ioneers, Alter¬ 
nant hrra ph it oxer aide Si and Jnsisiaea grand!flora, both restricted to the 
coastal plain south of Virginia, made possible its rapid spread. 

The real point of interest is why the siu'cessioii thus initiated has never 
developed a bog stage. This environment differs from that of a bog in that the 
water is actively circulating, whereas in the bog it is comparatively motion¬ 
less. Consequently this water retains its low acidity (table 1) instead of 
beiMnning highly acid as in a bog. The significance of this, and of accompany¬ 
ing differences in mineral content, in relation to the vegetation, constitutes 
matter for further study. 

Meanwhile, this description of the Goose Creek vegetation may be indica¬ 
tive of what to expec't on other permanent bodies of circulating, low-acid 
water created in the Southern Coastal Plain. 

SUMMARY 

On the Goose Creek Keservoir near Charleston, S. C., a floating mat has 
developed in the i)ast forty years Avhich is already reaching the forest stage 
of its succession. A list is given of 64 species collected there. Of special in¬ 
terest is the fact that no xeromorphic bog species are included. 

This community, not previously rej^rted for the Southeastern Coastal 
Plain, is believed due to the permanent presence of circulating, low-acul 
Avater in the reservoir, in contrast to the generally fluctuating high-acid 
water table of the region. 

The vegetation on this reservoir may indicate what is to be expected when 
others are constructed in the Southern Coastal Plain. 

The writer is indebted to Mr. J. E. Gibson, Manager and Engineer for 
the Charleston Commissioners of Public Works, for the information on the 
history of the reservoir, for permission to use the statistics shown in tables 
1 and 2, and for his courtesy in making possible the collecting trips. 
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The writer also wishes to express thanks to Dr. B. W. Wells for his kind 
encouragement and helpful criticism of this report. 

College of Charleston 

Charleston, South Carolina 
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THE INFLORESCENCE OF CRATAEGUS 

H. W. Rickett 

The iiifloreseenee of Crataegus is deseribed by Feriiald and Robinson 
(1908) and by Britton and Brown (1913) as a eorymb. This term is defined 
by these authorities as “a fiat-topped or convex open flower-cluster, in the 
striiler use of the word ecpiivaleiit to a contracted raceme and progessinpj 
in its floweriiifi: from the marjyiii inward;” and ‘'a convex or flat-topped 
flower-cluster of the racemose type with pedicels or rays arising from differ¬ 
ent points on the axis.” The sec'oiid definition is more precise than the first, 
whidi even in its ‘'stricter use” does not differentiate the corymb from the 
umbel and other “contracted racemes.” The corymb is commonly defined 
in textbooks as consisting of pedicels attached along a rachis and forming 
a flat-topped centripetally flow(*ring cluster. In none of the senses here 
ex[)onnded can the term be ai)plied to Crataegus. Sargent (1905) called the 
flower-clusters of this genus “cymose corymbs”; which, if it means any¬ 
thing, presumably rd’ers to something shaped like a corymb but blooming 
like a cyme—(‘entrifngally. This, though neither a clear nor an accurate 
statement of the actual conditions, is a trifle nearer the trutli. 

This uncertainty of language refleds a current negligence in observation 
of inflores(‘ences. The flowers of Crataegus are in a more or less “flat-topped 
or convex” grouj); their pedicels are the ultimate members of a system of 
some ('omf)lexity. The whole answers more or less to the {*oncept of a cyme 
held by Linnaeus and his contemporaries, a conce])t which had nothijig to 
do with the order in which flowei’s oj)en. If we are to apply the ideas implied 
ill the definition of a cyme as a centrifugal inflorescence, it is necessary to 
study the compound cluster of (^rataegus branch by branch; for certainly 
the inflorescence as a whole cannot be classified either as centrifugal or 
centri])etal. 

The elustei*s illustrated in figure 1 are representative of the situation 
in the genus so far as 1 have been able to study it. They were sketched from 
living plants near Columbia, Missouri. Thougli they are diagrammatic, they 
are approximately to scale, so that the characteristic form of the clusters 
is shown; the symbols by which the flowers are represented at different 
stages are desiginnl to facilitate a ready grasp of the entire pattern. It is 
at once evident that each inflorescence is composed of a number of unit 
clusters. The latter vary in character, but a recurrent type is a simple 
di(*hasium (a), consisting,of a short branch bearing a terminal flower and 
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two prophylls which subtend as many lateral flowers.^ The prophylls are 
early deciduous in most species; the scars left by their fall are clearly 
visible, but are not shown in the figure. The terminal flower frequently opens 
first, as in those labeled a; in many dichasia, however, the three flowers 
bloom approximately together, as at h. 

Besides these evident dichasia are other small clusters less easy to in¬ 
terpret. Two-flowered branches may result from the abortion of the terminal 
flower or from the failure of one lateral flower to develop; the former 
method leads to a ‘‘false dichotomy.’’ Irregular clusters of from three to 
seven flowers (c) may represent as many dichasia, each reduced to a single 
flower. That this is the most plausible interpretation appears from C. 
pruinosa, whose inflorescence is much reduced. Its prophylls (often retained 
during anthesis and shown in figure 1) subtend few or no lateral flowers, 
and each potential dichasium of this species remains commonly limited to 
a single flower. Some of the apparent dichasia of C. crus-galli also are in 
reality (as their bracts indicate) not so simple as they seem, but must have 
been formed by the condensation of a group of dichasia whose lateral 
flowers aborted. 

In the species illustrated in figure 1 each dichasium is usually limited 
to three flowers; the development of new branches is not repeated from the 
prophylls of the lateral flowers. The repetition of the dichasial pattern, 
which is so familiar in (for example) the Crassulaccae, does occur in some 
species of Crataegvs, such as C. iomcniom. The sequence is not very regular, 
however, and is soon lost in clusters of short-pedicelled flowers closely aggre¬ 
gated and blooming approximately all together. 

The main branches of the inflorescence, which are thus terminated by 
dichasia, are aggregated in a rather irregular fashion upon a (*entral axis. 
The lower branches are subtended by foliage leaves, those next above by 
reduced leaves which may be called bracts, the highest ones by early de¬ 
ciduous bracts wdiich resemble the prophylls. One may hazard a guess that 
an ancestral plant bore a number of characteristic dichasial iiifloresceiKics 
from the axils of its foliage leaves. Such clusters would perhaps be disposed 
along a vegetative axis in a “racemose” fashion; i.e., those nearer the base 
would be better developed and would flower earlier than those tow^ards the 
tip. The present inflorescence would then have originated by the condensa¬ 
tion of the entire axis, with the reduction of most of its leaves to bracts, 

11 use the term dichasium here in its original sense: an inflorescence which branches 
always ' * dichotomously ^ ^ from beneath a terminal (often abortive) flower. Some students 
of today* apply the term in a looser sense to refer to a cluster composed of dichasial ele¬ 
ments, however arranged upon a main axis. As for the prophylls, this expression also I 
use in the common sense of the two bracts immediately below a flower which terminates 
a branch. They are so named by analogy, which may quite possibly be false, with the 
prophylls of a vegetative branch. 




Explanation of figure 1 

Fig. 1. Diagrams of inflorescences of several species of Crataegus, a, typical dichasia; 
by dichasia of flowers oj^ening simultaneously; c, more irregular groui)s. 
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and the aggregation of many nodes, particularly the more distal ones. Such 
a process must have been involved in the formation of the thyrse of Syringa, 
which is made of similar elements. Many of the ‘‘cymes’’ of the older bot¬ 
anists, such as those of Cornus, Viburnum, and Samhucus, are to be similarly 
understood. 

A further reduction of the lateral inflorescences to one-flowered branches, 
as outlined above for C. pruinosa, would result in a characteristic corymb 
or raceme (in the usual sense of these terms), provided that the order of 
flowering of the lateral branches preserved the acropetal tendency (along 
the main axis) originally characteristic of their relative development. Such 
a mode of derivation of the racemose inflorescences has been suggested by 
Parkin (1914) and by Woodson (1935). In Crafaegus, however, the various 
dichasia of an inflorescence bloom at approximately the same time, as is 
evident from figure 1. Such slight differences as appear may be in either 
direction. The same fact is noticed in the reduced inflores(*ence of C. 
pruinosa. The individual flowers of this species are dis])osed singly or in 
groups along the axis, and their flowering proceeds in various directions. 
The cluster may simulate a cyme, the terminal flower opening first; rarely 
does it suggest a corymb. 

The last point introduces another potent source of confusion. A cyme 
is customarily defined as an inflorescence which flowers centrifugally. It has 
escaped the notice of many of the definition-makers that such a concept 
may rarely be applied to a simple inflorescence—one whose ultimate 
branches arise directly from a common axis—unless it consists of only a 
few flowers (typically three). The elementary unit from which (»ymose 
inflorescences seem to have developed is the dichasiuni; the development 
of a three-flowered into a many-flowered cluster may proceed (phylogeneti- 
cally) by a repetition of dichasial branching, each new unit arising from 
the axil of a prophyll on a preceding dicha.sium, and each dichasiuni flower¬ 
ing centrifugally. Sometimes an inflorescence is built on pleiochasial rather 
than dichasial lines; there may be a whorl of branches arising from a pedicel 
and in turn yielding whorls of the next order. Such arrangements probably 
are derivative from an earlier condition. But in any case the order of 
flowering must be described for each cymule; although the entire cluster 
may be called cymose, it cannot be said to flower centrifugally as a whole. 
Only as a result of extensive reduction and condensation may it perha])s 
happen that a cluster is formed—as sometimes in C. pruinosa —which corre¬ 
sponds to the definition of the textbooks. The lack of attention to the above 
distinction is seen in the treatment of the ’“umbels” of Allium and Pelar¬ 
gonium and the “heads” of Cormis canadensis and C. florida, which 
(though umbels and heads are always defined as centripetally flowering) 
are made up of dichasial or monochasial units and flower as a whole neither 
centripetally nor centrifugally. 
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It is obvious that far too much weight has been attached in descriptive 
botany to the order in which flowers open. This is not a morphological 
character at all, nor does it correspond to any underlying morphological 
pattern. Flower-buds, like vegetative buds, may lie dormant; the time at 
which they resume growth depends on many factors. The meristematic 
region which ultimately becomes a lateral flower in the axil of a prophyll 
was derived from an apical meristem whi(»h was once at that level; the 
present apical meristem, which is now becoming a terminal flower some 
distance above the prophyll, is also descended from this same mass of 



Fig. 2. Outline drawings (made with a camera liicida) of parts of sections through unex¬ 
panded inflorescences of Cralacgus crus-galli var. damclsii. The ctmtral drawing is composite, 
since nu^dian sections of the three flowers were found in difiFereiit sections; the broken line rep¬ 
resents the attachment of the central flower, which is shown displaced. 

meristematic cells. Which is the elder? If this question has an answer at all, 
surely the lateral meristem is older than the apical meristem above it,— 
irrespective of which first matures into a flower. Either may, in fact, abort. 

These contentions are supported by an examination of sections through 
unexpanded inflorescences. Figure 2 shows portions of inflorescences of the 
same plant of C. crus-galli var. da7iichii as is illustrated in figure 1, gathered 
at several dates in early spring. Terminal dichasia and parts of lateral 
clusters are visible. Tlie right-hand cluster simulates a dichasium but prob¬ 
ably (to judge from the number of bracts) is actually a cluster like the 
apparently simple inflorescence of C. pruinomy as interpreted above. On 
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March 5 stamens had become evident. All the flowers, which were closely 
crowded, were at approximately the same stage. A parenchymatous pith is 
visible in the pedicels, surrounded by the provascular strands. Earlier stages 
are not available, but it is clear that terminal and lateral flowers of a 
dichasium, and even flowers representing several condensed dichasia, origi¬ 
nate practically simultaneously from one meristem. This should be con¬ 
trasted with the usual statement that the axis of a cyme is terminated by 
a flower, growth being continued by flowers produced subsequently from 
the axils of bracts below the terminal flower. 

Sections made as late as April 1 differ little from those illustrated exc^ept 
for the presence of the carpels. In some dichasia the terminal flower has 
enlarged more than the lateral flowers; this is not always true. In the 
material studied (which was not as abundant as could have been wished) 
no difference was evident among corresponding flowers of different clusters 
of an inflorescence. This plant came into bloom, in the manner indicated 
by figure 1, during the first week in May. It is clear that the order in which 
the flowers open is influenced by factors which are introduced late in the 
ontogeny of the inflorescence and which have no necessary relation to the 
morphological pattern in which it was organized. 

This inflorescence (and it is representative of a large number of more 
or less similarly derived clusters) may, as explained above, represent a 
half-way stage in the phylogeny of a ‘‘racemoseinflorescence; but cer¬ 
tainly it cannot be described as a corymb. It conforms to many of the 
clusters called panicles, that unfortunate word having been used in such a 
variety of ways that it is practically useless. As Sargent saw, it is funda¬ 
mentally ‘^cymose^’ in pattern, and might, in fact, be conveniently referred 
to as a cyme, if this term is subjected to the clarification and redefinition 
which it needs. Since it can be shown that the introduction into morpholog¬ 
ical description of such terms as ‘‘centrifugar’ and ‘‘centripetal,’’ “deter¬ 
minate” and “indeterminate,” rests on a wholly philosophical rather than 
a scientific basis, and since the order of flowering is of little value as a 
morphological concept, it is clear that existing definitions of cymes have a 
mainly historical value. I propose here to redefine a cyme as a more or less 
flat-topped compound cluster composed essentially of dichasia or pleiochasia 
(perhaps also of monochasia, since the former types grade into this in many 
inflorescences).^ In this sense the inflorescence of many species of Crataegus 
(perhaps all) is a cyme; also those of Cornus section Thelycrania, Viburnum, 
and SambucAis, The recognition of the fundamental type from which a par- 

2 This is the * ‘ compound cyme ’ * of some current workers; the ‘ ‘ simple cyme ^ ^ being 
what is here (and quite generally) called a dichasium. Since the cyme may be compounded 
in so many ways, each of which deserves analysis, it is useful to have both a general 
inclusive term—the cyme of the present definition—and more precise terms, such as 
dichasium, to indicate the elements of the composition. 
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ticiilar cyme has been derived may require close study, because of the 
tendency towards reduction of the dichasia or pleiochasia to one-flowered 
branches and the agp:regation of such branches on a common axis; and 
because the flowers of such unit clusters frequently bloom toj^ether. Such 
cymes as that of Crataegus pruinosa can be diagnosed only by those who 
are familiar wdth the less reduced inflorescences of related species. However, 
it is worth while to have a definition and a concept which describe flower- 
clusters as they actually are, even at the cost of some trouble in applying 
them. 

The New York Botanical Garden 
New York 
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THE CONCEPT OF INFLORESCENCE 

Leon Croizat 

In a previous artiele (Bot. Gaz. 103 : 771-779. 1942) the writer has re¬ 
viewed some of the peculiarities of the inflorescence of the Euphorbiaceae. 
The present paper describes the intercalary inflorescence of certain species 
of the C'elastraceae and Stachyuraceae, indicating? g:eneralities which pertain 
to the description and interpretation of inflorescences in general. 

THE intercalary INFLORESCENCE 

In the pages of a paper currently accepted as a classic on the subject of 
inflorescences, Parkin states (Jour. Linn. Soc. Bot. 42 : 512. 1914) : ‘*In this 
paper a new term is introduced for that kind of flower-cluster, the main axis 
of which continues to grow vegetatively after emitting the flowers. The name 
intercalary is proposed for this.’’ 

According to this deflnition, an intercalary inflorescence consists of two 
members, both of which are essential. One, a supporting main axis (fig. 1, a), 
capable of continuing its vegetative apical growth after emitting lateral 
flower-clusters; the other, a certain number of flower-clusters so (unitted 
(fig. 1, /;). ('onceived in these terms, an intercalary inflorescence can arise 
only on account of the interplay of a main axis with the flower-clusters which 
this main axis yields and supports. Naturally, the definition of such an in¬ 
florescence is essentially based on an interpretive and dynamic concept, not 
on a descriptive and static one. Under this concept the main axis is visual¬ 
ized not as a separate entity but, together with the flower-clusters which arise 
from it, as part of the inflorescence itself. It does not matter to the concept 
of intercalarity whether the main axis ceases growing immediately after 
emitting the last flower-cluster or beyond it, neither does it matter whether 
the flower-clusters themselves are cymes or racemes, many or few, simple or 
compound, close to or remote from the growing point of the main stem. All 
that matters in this concept and under this definition is the interrelation of 
certain branches, essentially floriferous, with an axis which is essentially 
sterile. 

After having defined the intercalary inflorescence, stressing a dynamic 
and interpretative concept. Parkin adds {op. cit., 514) : “It seems futile to 
quibble over the question whether the inflorescence means the mode of floral 
branching or the flower-group itself. Custom has sanctioned the latter mean¬ 
ing. ’ ’ This addition is incompatible with the very definition of interc.alarity, 
and reveals that Parkin is perhaps not master of the fundamentals of the 
issue with which he professes to deal. If, viewing an intercalary inflorescence, 
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attention is focussed only upon the lateral flower groups (fig. 1, h)—this 
being the ^‘customary approach’’ in the sense of Parkin—the central axis 
(fig. 1, a) is bound to be neglected, which automatically destroys the per¬ 
ception of the factors of growth and position essential to an understanding 
of intercalarity. Anyone who follows the ‘‘customary approach” fails to 
grasp the importance of the axis that binds into a whole the flower-clusters, 
and, as a matter of fact, does not pay attention to this axis at all, for it is 
not a flower-group but essentially a vegetative shoot. Accordingly, the fol¬ 
lowers of the “customary approach” are ultimately bound to visualize the 
individual flow'er-groups as isolated cymes, racemes, spikes, and the like. In 
so doing they greatly narrow the scope of a study of the inflorescence in 
general, and are eventually thrown back upon descriptive concepts, taking 
up each group of flowers by itself, and attempting to define it as it looks, 
neglecting at the same time to take into account the main axis which is the 
keystone of the floriferous structure. 

The voluminous literature that deals wdth inflorescences reveals that as 
a rule the approach to the problem has so far been “in the customary 
sense,” neglecting the structural and evolutionary side of the issue, while 
attempting to define the various kinds of flower-clusters in a final and per¬ 
fect manner. This is known to be impossible to any one who has observed 
inflorescences with a critical eye. Some w’orkers, like Roeper (Linnaea 1: 
^2. 1826) believed that all inflorescences could easily be segregated into two 
main groups (“In duas autem magnas classes omnes inflorescentiac commode 
distribui possunt, quarum una inflorescentias terminales vcl dcfinitas, altera 
inflorescentias indeterminatas vel indefinitas complcctitur”), and advanced 
definitions which, although based on error, have unfortunately had much 
influence upon botanical thinking in general. Other writers, like Saint- 
Hilaire (Morph. Vcg. 815-818. 1841) and Eichler (Blutheiidiagr. 1: 88-84. 
1875), have rejected the ultimate value of the Roeperian findings, although 
failing to discuss them to a final conclusion, lly’s work (Rev. Ocn. Bot. 6: 
385-408. 1894) lays down premises h*ading to numerous definitions w’hich 
have never been widely accepted, and as a matter of fact are of little prac¬ 
tical value, despite their being accurate in theory on the whole. Only twice, 
to the writer’s knowledge, has intercalarity definitely been seen, by the 
brothers Bravais (Ann. Sci. Nat. 11 7: 198-221; 291-848. 8: 11^2. 1837— 
see especially p. 309, 25 and footnote to p. 27, 28) and by Parkin. The find¬ 
ings of these workers have been ignored, however, probably on account of 
the obscure manner in which they were presented, and of the failure on the 
part of the Bravais and of Parkin to draw’ the necessary conclusions. To this 
day—much to the intuitive dissatisfaction of every thoughtful botanist—a 
consideration of the inflorescenc'e generally follow’s the so called “customary 
approach,” that is, emphasizes description to the ultimate detriment of inter- 
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pretation, stress being laid upon whether the isolated flower-cluster, for 
instance, is a raceme rather than a cyme or the like. Aside from the fallacy 
which it accepts as its main premise in theory, this approach often has catas¬ 
trophic results in taxonomic practice, a student endoctrined by the ^‘cus¬ 
tomary approach*’ being always baffled and bewildered by the intercalary 
inflorescences which he finds frequent in nature and in the herbarium. 

As an illustration of the fundamental value of the concept of intercalar- 
ity for any critical study of floral axes, this writer likes to refer here to the 
belief of Parkin, and of Zimmermann (Bot. Centralbl. Beih. 63 A: 95-121. 
1935) that the single apical flower and the cymose raceme are the origin of 
all inflorescences. This theory is easily refuted. An intercalary inflorescence 
which is being reduced in the manner shown by figures 2-4 ultimately ends 
with a single apical flower, which shows that such a flower may be derivative 
as well as primitive. It could be objected that a derivative terminal flower is 
always separated from the underlying main axis by an articulation, hence 
that it is not truly terminal. This might be true, but is not necessarily so, 
because it is possible that the terminal flower arises from a central meristem, 
and is apical in the strict sense of the term, becoming single and articulate 
by abortion of the meristems lateral to it. Naturally, such a flower does not 
bespeak a primitive condition, since it arises by reduction of a terminal 
cyme. Moreover, an articulation may be so reduced as to be practically lack¬ 
ing, as when for instance a pad of Opnntia or a joint of succulent Euphorbia 
emerges from another without the intervening formation of a bud, the limits 
between a constriction and an articulation in the narrower sense of the term 
being indeed very tenuous. It is clear that the theory that the primitive in¬ 
florescence is the single apical flower and the cymose raceme primarily rests 
upon the loose generalizations so prevalent under the “typological ap¬ 
proach.” It is striking that neither Parkin nor Zimmermann should have felt 
the need to take into consideration the possible presence and significance of 
articulations. A stringent consideration of these peculiarities must find its 
place in any work that attempts to identify a rameal structure, whether 
primitive or derivative, sterile or floriferous. 

This writer feels that too much importance is given the descriptive side 
of general morphology, firmly believing that this is due to subservience to 
frames of mind that, though valid in the days of Linnaeus, are now thor¬ 
oughly dead as science. Under a normal approach to any form of biological 
investigation, the subject, whatever its nature, should be critically worked 
out before being defined, and its structural possibilities probed to the utmost 
before its nature, whether “cyme” or “raceme,” “branch” or “leaf” is 
codified into words. It is difiScult indeed to see a reason why botany should 
not follow mathematics in the use of concepts, comprehensive and often 
essentially undefinable, which are tested in the practical solutiofa of problems 
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with absolute freedom from preliminary tiresome quibbling about defini¬ 
tions. It proves impossible to determine which one is the primitive in¬ 
florescence, whether the cyme or the raceme or the racemose cyme, for the 
same reason that it proves impossible to define in clean-cut terms the attri¬ 
butes of the absolutely primitive branch. Every discussion about primitive 
and derivative structures presupposes a knowledge of a starting point in 
evolution, and not only this, but of the tendencies that may carry a body 
away from such a point. Obviously, to the suc(*.ess of an ultimate definition 
a concept of motion and limits is indispensable; this, most unfortunately, 
would still seem to be essentially repugnant to much botanical thinking, 
definition and description rather than understanding and interpretation 
still being the main coiK-ern of such thinking. Obviously a study of phylog- 
eny, including and aside from the inflorescence, is essentially dynamic, for 
it rests mainly upon an investigation of variations in structural morphology. 
It can be soundly argued that the primitive flower of the Euphorbiaceae has 
petals and sepals, and is nearest that of the Sterculiaceae and the Malvaceae, 
because it can be shown that that family belongs to the malvoid plexus, and 
has evolved in the main by suppression and modification of the organs 
within its flower. The case is altogether different with inflorescences in gen¬ 
eral, for in them a few basic patterns endlessly compose and decompose 
themselves, that which is primitive for one family being derivative for 
another. Academic and ^‘typological” discussions are here useless because 
every case must be judged on its ow’ji merits with a broad understanding of 
the issue as a whole and with a mind free from the preconception, for in¬ 
stance, that an apple is “branch” rather than “leaf.” 

Recognizing the cogency of pedagogic needs and the ultimate necessity 
for broad definitions, this writer ventures to suggest that the theoretically 
primitive condition of tlie inflorescence is that of two meristems, one flower¬ 
bearing, the other vegetative, which meristems at the very first may be visual¬ 
ized as forming a diidiotomous arrangement (fig. 5), only later establishing 
the normal anatomic and positional relationship of branch and bud. If the 
floral rneristem in this pattern gains the ascendancy and the vegetative one 
develops at its side (fig. 6), a basically sympodial pattern results, which 
pattern is automatically rediK'cd to one apical flower should the lateral bud 
fail to develoj) or abort. If, on the contrary, the vegetative meristern evolves 
first, the single lateral flower appears (fig. 7). A combination of these stand¬ 
ard growths yields any inflores(*ence from the simplest to the most complex, 
the concept of differential growth here barely outlined applying equally well 
to such different axes as the single-flowered scape and the terminal woody 
cymose raceme. While it must be admitted that the view here advan(*ed is 
essentially theoretical and pedagogical, this writer has good reason to believe 
that it has considerable practical bearing upon the systematic and taxonomic 
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interpretation of certain inflorescences in the Rubiaceae, Ranunculaceae, and 
Podophyllaceae, all families in which the interplay of floral and vegetative 
primordia is intimate and direct. 

To summarize this introduction: An inflorescence is primarily to be 
viewed and defined as an aggregate of vegetative and floriferous axes, that 
is, as a structure usually (but not necessarily always) of temporary nature, 
brought into being, together with the flowers themselves, for the sake of 
reproduction. Certain elements of this structure evolve first, others later, a 
consideration of differential growth, which involves hoik physiology and 
morphology, being required for a rational treatment of all these axes. The 
inflorescence, consequently, answers the definition and the concept of a com¬ 
pound organ modified in endless details, it being futile to try to define each 
modification in itself and in a precise and absolute manner. The ^‘raceme’’ 
gradually passes into the ‘‘eyme,^’ the “single apical flowerbecomes a 
“cluster,’’ each one of these terms being valid as conventional description 
but certainly lacking the rigidity which the authors of the past have sought 
to impart to them. The writer does not believe that the characterization of 
the inflorescence which he attempts to present here is wholly above reproach, 
or that it can cover every detail. He feels, however, that it affords a ground 
of definition and elaboration which the so called “customary approach” to 
the study of floral axes is wholly unable to provide. Jntercalarity belongs to 
every manner of inflorescence in principle; it is a serious error, in the con¬ 
sidered opinion of the writer, to regard it as a special case in the life history 
of floriferous axes. 

SOME CELASTROID INFLORESCENC ES 

hi Relider’s excellent manual (Man. Cult. Trees & Shrubs, ed. 2, 560. 
1940) the keys to cultivated Celastrus are based upon the characters of tlie 
inflorescence. Celastrus scaridcns L. (Waxwork or American Bittersweet) 
and C. angtdaia Maxim, are referred to the heading: “FIs. in a terminal 
panicle,” while five other species including the ubiquitous C. orhiciilata 
Thunb. (Oriental Bittersweet) are keyed out under the diagnostic note: 
“FIs. in axillary cymes often partly crowded into panicles.” These defini¬ 
tions are empirically correct and descriptively speaking altogether sound; 
the coming discussion is devoted to an interpretation of the inflorescences 
of (\ orbiculaia and C. scandens in order to bring out the nature of the 
panicles and cymes which characterize the genus in cultivation. 

1. Inflorescence of C. orbiculata. The component members of the in¬ 
florescence of this species are two, variously adapted and modified as will 
later be seen. One is a supporting axis (“main axis” as defined by Parkin), 
the other a collection of flower-clusters borne laterally and, generally, in a 
false apical position upon this axis (figs. 9-11). This inflorescence, conse¬ 
quently, is intercalary. 
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For convenience, the flower-elnsters will be described here first. Each con¬ 
sists of an essentially eymose group of flowers which are articulate below 
the peduncle (that is, at the lower end of the axis which ends immediately 
in the flower). Omitting details, interesting as such but not to be taken up 
in a review of fundamentals, these clusters are arranged along the lines of 
the pattern shown in figure 8. The raehis of the cyme (fig. 8, a) emits a vari¬ 
able number of lateral flowers, from 1 to 7 but usually from 3 to 5, in the 
axils of more or less reduced bracts. Each flower so emitted may bear in its 
turn flowers from its pedicel. Anthesis in the individual cluster takes place 
in the conventional eymose order, or very nearly so. This means that the 
apical flower (fig. 8, h") opens first or at least contemporaneously with the 
flowers wdiich terminate the lateral secondary pedicels (fig. 8, V). Along the 
entire floriferous axis, on the contrary, the time of anthesis answers the con¬ 
ventional definition of racemose; that is, the lower flower-clusters on the 
branch come into blossom first. 

The arti(iulation at the pedicel of the flower is more or less marked, being 
comparatively obscure (sometimes very much so) under the apical flower in 
a free-grown and robust flower-cluster.^ The flower-cluster itself originates 

1 All articulation in this and similar cases generally bespeaks a time of lag or arrest 
in growth. A lag yields oftentimes a mere constriction; a full stoi) an actual or ])otcntial 
bud-structure. As has b(*en pointed out elsewhere in this pai)er, it is not certain that con* 
strictions and true articulations are always separable, the vigor of the shoot—in all that 
tin* term imjilies—having a din'ct bearing upon the matter. It might be added that the 
bud-scales show definite differential growth in certain plants (for instance, Calliatemon 
sprciosus, the well known Bottle-brush^’), but only arrested growth in other ones 
(Euphorbiaceae and Stercuhaceae in general). The time-honored argument whether the 
catajdiyll is due to differential growth or to arre.sted growth can easily be settled any way 
a. debater chooses, merely by studying certain plants in preference to others. 

Explanation of figures 1-11 

Fig. 1. An intercalary inflorescence and its components: a, supporting main axis (in 
the sense of Parkin) ; h, /ateral flower-clusters. The heavy shaded line separates the two 
components. Fig.s. 2-4. Evolution of a single terminal flower from an intercalary in¬ 
florescence ; a, apical bud. The abortive* flower and bud are merely outlined in fig. 4. Fig. 
5. Floriferous (a) and vegetative meristem («') as the theoretical beginning of the in- 
florcvscence. Fig. (i. Condition arising from the prevalent develoiiment of the floriferous 
meristem. An a])ical flower (a) is established, the vegetative meristem (a') yielding a 
lateral, ultimately sym])odial arrangement. Fig. 7, Condition arusing from the prevalt*nt 
d(*velo]>m(*nt of the vegetative meristem. A lateral flower (a) is produced, tin* main axis 
(a/) continuing its ajncal growth. Fig. S. Lateral oinule of Cr/a.stn/.s orbiciUala: a. 
raehis (main floriferous axis of the cymule) ; h\ lateral apical flowers; h", central (true 
apical) flower; e, vegetative bud above cymule; d, flower with double articulation; e, nor¬ 
mal articulation; /, abortive flow’er responsible for the double articulation at d. Fig. 9. 
Cymules absolutely lateral upon an indefinite (free-growing) sterile shoot. Fig. 10. In¬ 
florescence derived by reduction and adajflation of the preceding; the cymules crowded 
in a racemose manner toward the inhibited apex of the shoot; a, abortive apex of the shoot. 
Fio. 11. Inflorescence derived by further reduction and adaptation of the two preceding; 
cymules borne within a leafless bracteolate raceme, often growing upon old wood (hence 
caulocarpic); a, abortive apex of the shoot. 
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immediately below a dormant bud (fig. 8, c), and is Ksubtended by a leaf or a 
bract.^ 

In conclusion: the lateral flower-cluster of C. orhiculata is to be conven¬ 
tionally defined as a compound cyme in a more or less advanced state of 
reduction. This reduction is nowhere in better evidence than upon those 
flowers which are borne upon an axis having a double articulation (fig. 8, d). 
This double articulation arises by elimination of a flower (fig. 8, /) immedi¬ 
ately below the apical one. 

The modifications undergone by the supi)orting main axis, that is, the 
branch on which the lateral flower-clusters are jointly borne (“main axis’^ 
of the intercalary inflorescence of Parkin) are fairly extensive. This branch 
presents three patterns in the main, as follows: (a) The branch is leafy 
throughout, bearing the flower-clusters mostly at the base (fig. 9); (b) The 
branch is leafy, sterile at the base, but toward the apex bears flower-clusters 
subtended by more or less evolute bracts (fig. 10) ; (c) The branch is much 
shortened, bears bracts and flower-clusters throughout, and often appears 
on old wood in a clear caulocarpic iiosition (fig. 11). Tu this case especially, 
the lowermost flower-clusters may be reduced to one or two flowers. 

The significance of these modifications for the usual definition of in¬ 
florescence is worth noticing and far-reaching. In the first case, the conven¬ 
tional student of the inflorescence merely visualizes lateral cymes borne upon 
a sterile shoot (“axillary cymes” of the manuals). In the second, such an 
observer begins to see a short braiichlet ending with a racemose i)anicle 
(“flowers often partly (‘rowded into panicles”). In the third and last case, 
this onlooker soars to the final perception of a f’ull-fledged panicle. Taxonomi- 
cally speaking, these visualizations are above reproach and, so far as they 
are descriptively intended, fairly sound. On the other hand, critically ap¬ 
proached, all these cymes, partial ra(*emose ])anicles, and full i)anicles are 
merely adaj)tations of the same floral pattern, that is, aspects whicli cannot 
be absolutely defined in their own right, and even less presented to the atten¬ 
tion of a classroom without pertinent comment and elucidation. It is no less 
interesting to notice how taxonomists and des(*riptive botanists in general, 
being faced with con(*rete cases, apply the concept of intercalarity even 
when they are not informed of the fact that this concept has been formu¬ 
lated, at long last, in print. The taxonomist who describes the inflorescence 
of C. orbiniUita as “axillary cymes” only sees the lateral flower-clusters, 

2 Although the fact has no immediate bearing upon the subject at hand, it may be 
mentioned here that abortive inflorescences homologous in their position with those of 
Cclastrus (see Hydrolca, BougainvtUvn, Prinsepia, Vonvirus, and Cralacgus) appear as 
thorns. Thorns of this origin and nature cannot be neglected in any exhaustive physio¬ 
logical and phylogenetic study of floriferous axes; their study yields in addition valuable 
systematic clues. Interesting investigations, so far untouched to the knowledge of the 
writer, await those interested in these structures and their life history. 
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abiding thereby by what Parkins accepts as the ‘‘customary definition of 
inflorescence/’ When this taxonomist, on the contrary, sees the flowers of 
the same species as being “crowded into panicles,” he implicitly rejects 
the customary definition and accepts intercalarity as self-evident, this time 
visualizing as a whole the flower-clusters together with the “sterile shoot” 
which binds them. In view of this evidence, the writer needs not emphasize 
once again the practical value of the concept of intercalarity for a correct 
description and interpretation of all manner of inflorescences. The inflores¬ 
cence is a prime component of much taxonomic work, which explains why 
authors not familiar with the workings of intercalarity happen to write 
laboriously and not always happily, striving to “define” floral patterns 
which, instead of being proteiform and confusing are indeed very simple. 
A great deal of useless species-making, it may be added, is to be charged to 
the same neglect of intercalarity. 

The manner of growth of the branch which supports the lateral flower- 
clusters in C, orbiculata repays scrutiny. When it first appears this branch 
has a fairly definite herbaceous texture. Soon, however, it turns woody, thus 
shedding the usual habit of a rachis to acquire that of a true branch. As the 
w^ood matures, the dormant buds develop to the full, often even promptly 
bursting into growth if the growing apex of the branch happens to be cut off. 
Naturally, a marked difference in habit is noticeable on the same plant seen 
in the spring or in the fall of the year. When flowering begins, a casual 
observer sees “racemes” with an herbaceous green “rachis,” but when the 
fruits are ripe, this same observer is aware only of the existence of “lateral 
cymes,” the rachis having become by then a permanent, definitely woody 
branch with a manifest bark. Nothing better than this fact proves the ulti¬ 
mate futility of trying to define inflorescences without taking into account 
their life history and structural T)ossibilities. 

As has been seen, the branch which supports the lateral flower-clusters 
in C. orbiculata is usually rachis-like (figs. 12, 13), ending with an abortive 
tip. This abortive tip may become fused more or less extensively and inti¬ 
mately with the base of the nearest flower-cluster (fig. 12, a)’^ or stand out 
free (fig. 13, a). Under a moderate magnification this inhibited tip may be 
seen as surrounded by crowded bracteoles (fig. 12, a), or to be covered by, 
glomerulate structures (fig. 13, a) suggesting flower buds. This tip, in con¬ 
clusion, is vegetative or floriferous, and deciduous by an abscission layer ap¬ 
parently homologous with that which is active at the tip of the branchlets of 
IJlmus and Tilia, 

3 This type of fusion is occasional in C, orhiculaia. It does not seem to be materially 
different from that which takes place in Lilaea (see CampbeU, Ann. Bot. 12: 1-28. 1898; 
Arber, Ann. Bot. II. 4: 617-627. 1940), although the fusion is much more intimate in the 
latter than in the former case. The writer hopes to return to the subject in dealing with 
prophylls and carpels. 
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2. Inflorescence of C. scandens. The inflorescence of the waxwork is 
customarily defined as a terminal panicle. Tt consists (fij?. 14) of a rachis with 
a prevailing herbaceous texture, capped as a rule by an apical articulate 
flower, and bearing^ at the sides more or less numerous compound cymules. 
This raceme is cymose in the conventional sense because its main axis 
(rachis) is definite,’^ that is, ends with a flower. The individual flowers on 
this raceme, moreover, tend to open or do open cymosely, that is, the apical 
flower of the main axis (rachis; fig:. 14, a) and of the lateral cymules (fig:. 
14, a') come into blossom practically at the same time. In this respect the 
w^axwwk differs from the oriental bittersw^eet. In noticing: the fact, the writer 



Fkj. 12. Pppcr t'xtremity of tlio iiifloresfonce of Cclasfrus orbiculaia of the pattern 
shown in figs. 10 and 11. The abortive (inhibited) tip (a), Ls surrounded by bracteoles 
(cataphylls) jind tends to fuse with the base of the nearest lateral cymule. r, vegetative 
buds. Fig. 13. Same infloreseenee as that shown in lig. 12. The abortive tip (a) is free 
and bears minute tlower-buds. At h a subabortive vegidative bud, at c a normal one. Fig. 
14. Infloreseenee of C, sran(ini.s forming a terminal eymose raceme, h, growing point; o, 
a', ajiical flowers. Fig. lo. Inflorescence of Sfachytiru.s yunnanrusiti. 

feels impelled to add tlmt the time of openin" of the flowers is not, as it has 
long been believed, a imimary criterion b.v which to judge the nature of an 
inflorescence. Pertinent data on the ean.ses that may influence such an open¬ 
ing "will be read, for instance, in Stout’s account of the floral behavior of the 
Avocado (Mem. N. Y. Bot. Oard. 7: 14r)-2()3. 3927). This account does not 
support the belief that the oldest flower in a cluster necessarily blossoms 
first, which was accepted by Koeper as an axion in his classical but erroneous 
definitions. 

Inflorescences of the waxAvork may be found which depart from the pat¬ 
tern just described. This Avriter has collected several of them, now jAreseiwed 
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in the herbarium of the Arnold Arboretum. The arrangement of these in¬ 
florescences in the main is that of the bittersweet (fig. 9); that is, the flowers 
are borne in flower-clusters occupying a lateral position upon an otherwise 
freely growing branch. The leaves subtending these clusters are reduced in 
size, tending to become bracteal and mostly caducous. The buds that subtend 
the clusters are somewhat reduced and probably abortive, which is not neces¬ 
sarily the case with the bittersweet. The significance of this difference is not 
apt to be great, for the progressive abortion of apparently vegetative buds is 
of normal occurrence in the robust terminal panicles of certain Rutaceae 
(witness Phellodendron), and may indeed be looked for in all kinds of 
floriferous axes (see fig. 13, h). One of the abnormal inflorescences of C. 
scandens collected by this writer consists of a single lateral cymule appear¬ 
ing on an otherwise perfectly sterile shoot. 

Viewed in its essentials, the racemo-cymose inflorescence of the waxwork 
(C. scandens) differs from the intercalary inflorescence of the bittersweet 
(C. orhiculata) in one respect only. In the latter the axis which bears flower- 
clusters endures as a branch throughout; in the former this axis is fully and 
finally adapted to floriferous functions. 8o far as macroscopical investigation 
reveals, this adaptation consists of: (1) A change in the nature and function 
of the axis supporting the flower-clusters. This axis, as noticed, is a true 
branch with normally living vegetative buds in C. orhieulata, a manifest 
rachis with abortive buds in C, scartdens; in the former the formation of 
bark-tissues and secondary woody, if perhaps somewhat slowed at first, is 
ultimately unchecked; in the latter, on the contrary, this formation is ap¬ 
parently much reduced, if not actually stopped; (2) a relocation of the 
apical growing point. This point is located at the apex of the intercalary 
infiorescence in C. orhu^nlata, the main axis usually continuing its evolution 
in length after flower-bearing; in C. scandens, on the contrary, the growing 
point (fig. 14, 5) is located under the raceme. In other words and descrip¬ 
tively speaking, the stream of further growth runs through the inflorescence 
in the oriental bittersweet, but leaves it aside in the waxwork. 

THE TAJCONOMIO SECTIONS OP STACHYURUS 

In a fundamental contribution on Stachyurus (Jour. Botanique 12: 253- 
255. 1898), P'ranchet published two sections, Callosnrus and Gymnosurns^ 
which he characterized as follows; Callosnrus —Racemes peduncled in the 
axil of persistent leaves; Gymnosurus —Racemes sessile in the axils of leaves 
deciduous before flowering. 

The attention of this writer was invited to these characterizations by an 
investigator of Stachyurus who had found reason to suspect that Franchet^s 
sectional key could not be properly handled unless it were elucidated beyond 
the usual requirements of taxonomy. 
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The inflorescenees of 8, yunnanensis Franch. (type-species of Sect. CaU 
losurus) and 8. ckinensis F’ranch. (the best known species of Sect. Oymno- 
sums) revealed at a pflance an intercalary tendency. In the former the later¬ 
ally borne spicate racemes are subtended by a leaf of normal shape and size 
(fig. 15); this leaf is not affected by the evolution of the inflorescence, and 
persists. In the latter, the part of the branch bearing the lateral inflorescences 
shows an incipient specialization, so that the leaves subtending these inflores¬ 
cences tend to become bracts and prove ultimately to be deciduous; this 
arrangement, of course, suggests a condition which may ultimately lead to the 
establishment of an inflorescence like that of the bittersweet (fig. 9). Under¬ 
stood with reference to what normally happens in intercalary inflorescences, 
the key of Franchet could readily be interpreted and used. This key relies at 
bottom upon tendencies rather than upon fixed characters. In Staehyurus 
there begins to apf)ear a tendency toward the specialization of any shoot 
(“main axis” in the sense of Parkin) which happens to bear lateral inflores¬ 
cences. This shoot or portion of a shoot is in its essence a full-fledged sterile 
axis in 8. yunnanensis; the growth of flower-clusters upon it takes place, as 
it were, a(*cidentally. without a definite interrelation being established be¬ 
tween the shoot and the lateral inflorescence unless it be as to position, the 
latter happening to grow ui)on the former. In 8. chine ns Is, on the contrary, 
the shoot begins to react immediately and directly to the inflorescences, its 
leaves behaving like deciduous bracts. A secpiel to this evolution would be 
provided by a third species (unknown so far in 8tachyurus) in which the 
shoot should become a racliis carrying a terminal thyrsoid inflorescence; this, 
as has been seen, being realized in Celasirus scandens. That the tendency 
toward intercalarity is barely outlined in 8tachyurus was (‘onfirmed by the 
fact that certain si)eciinens of aS'. chinensts in the herbarium retained some 
of their leaves even under infloresetmees in full fruit. Iiivestigation of the 
herbarium material available also suggested that the age of the shoot might 
have some influence upon the retention of the leaves. This is worth noticing, 
for it may be suspected that the specialization of florifei'ous axes, in certain 
cases at least, is direcdly influenced by the degree of maturity of the wood. 
In C. orhwuJafa, for instance, caulocarj)i(i short racemes appear to be more 
abundant on old stems, especially at the base of the main leaders, and in 
other genera {Bougainvillea, Hydrolea, Poneirus, Crataegus, etc.) the wood 
of the seasonal growth bears only thorns, that is, structures which are in 
reality flowerless inflorescences. 

SOME CONSIDERATIONS ON THE IWIDENl'E 

On the strength of the facts here advanced, and the cojiclusions which 
they suggest it may be stated that intercalarity is essential to an under¬ 
standing of all manner of inflorescences. It may be affirmed likewise that it is 
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actually impossible to construct definitions to fit every kind of inflorescence. 
The terms raceme, cyme, panicle, thyrse, and the like have a comparatively 
tenuous descriptive value which, while useful, cannot afford solid and crit¬ 
ical ground for a study of floriferous axes. This is because no real dividing- 
line can be drawn among these structures; it is a pure loss of time to argue, 
for instance, whether the inflorescence of Sahm is a ‘‘cyme’’ or a “raceme.” 
In this genus—one among thousands—whole axillary branches, leafy at first, 
are turned by degrees into bracteate panicles, which in their turn become 
short-peduncled cymules. Mier’s attempt to present an elaboration of the 
Winteraceae (Contr. Bot. 1: 123-144. 1861) based in the main upon the 
position and the aspect of the floriferous axes is immediately seen to be 
radically mistaken by anyone who is informed of the fact that intercalarity 
is rampant in this family. In conclusion, both the morphologist and the taxo¬ 
nomist are bound to ease their task by accepting the fact that, while it is 
necessary and proper to define the inflorescence, it is even more desirable to 
interpret it. The sterility of much so far written on the subject, the writer 
believes, is due to overemphasis of the descriptive side. It is to be feared that 
such works as the Philosophia hoianica of Linnaeus and the Versuch of 
Goethe have exerted an influence altogether out of proportion to their sci¬ 
entific value by popularizing definitions which, used in the classroom with¬ 
out due qualifications, have canalized the thought and the imagination of 
several generations of students, our own included, in a maimer ultimately 
disturbing to free investigation. In the most definite sense these works are 
propaganda, for they assume as proved precisely that which stands in need 
of investigation, and stress the material shape of objects while obscuring 
their inner substance. 

The attempt recently made by Grt%oirc (Cellule 47: 337-339. 1938; see 
the discussion of Spiraea) to draw a sharp distinction between true bram^hes 
and floriferous axes is too dogmatic, for the differences postulated by this 
author are invalidated in fact by the presence of endless intermediates be¬ 
tween the extremes upon which his conclusions are made to rest. The inflores¬ 
cences of Celastrns, no less than those of Sabia and countless other genera of 
flowering plants, furnish visual evidence to the effect that a branch, that is, 
a permanent woody structure, can become by degrees a rachis which is a- 
temporary and subherbaceous organ. It may be suspected that permanency 
is one of the fundamental attributes of the “branch” as contrasted with 
other structures which happen to resemble it. Accordingly, the concept of 
function cannot, in this writer’s firm belief, be rejected in drawing up a 
comprehensive and true definition of a living structure. The by now secular 
quibbling as to whether an apple is ‘'branch” or “leaf” and whether a 
carpel “leaf” or not is promptly disposed of to the greatest benefit of mor¬ 
phology and botany in general by an understanding of the fact that an apple 
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and a carpel have functions that set them aside both from ‘‘branch’’ and 
“leaf.” There can be no morphology Muthout physiology. Gregoire’s attempt 
at taking a dogmatic stand on the strength of laborious microscopical studies 
which are invalidated by direct macroscopic observation suggests that a 
broad familiarity with living plants is a prerequisite of ultimate sx)ecialized 
investigation, and that the botanical garden as an adjunct to the university 
has lost none of its ancient eminence. It is accepted among mathematicians 
that the proper statement of an equation is practically tantamount to its solu¬ 
tion. It is not less true in botany that the proper choice of the material for 
investigation assures results. In voicing a criticism of certain of Gregoire’s 
conclusions, the writer is far from associating himself with those who dismiss 
the work of this investigator as hardly worthy of attention and basically 
erroneous. Gregoire’s sins of dogmaticism are less a failure of the man than 
of a school embracing both him and his detractors. A great deal of Gregoire’s 
work is worthy of careful study. 


SUMMARY 

The intercalary inflorescence is illustrated with reference to actual struc¬ 
tures in species of the Olastraceae and Stachyuraceae, and the value of the 
concept of intercalarity for an understanding of inflorescences in general is 
emphasized. The works of Parkin. Zimmermann, Gregoire and others are 
briefly noticed, and the (‘onclusion is drawn that confusion is often made 
between the descriptive and the interpretive side of the study of flower- 
clusters. 

The Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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FLOWER FORMS AND GROUPS OF DICOTYLEDONES’ 

Alfred Gundehsen 

HISTORICAL NOTES 

The terms Dieotyledones and Monocotyledones were used by John Ray in 
1703 for his subdivisions of herbaceous flowering plants. Linnaeus used these 
names only in classifying seeds. A. Laurent de Jussieu in 1789, the year of 
the French Revolution, made Acotyledones, Monocotyledones, and Dicotyle- 
dones his principal groups of plants; the last included conifers, while cycads 
were placed under ferns. De Candolle adopted the form Dicotyledoneae; like 
Jussieu, he began with Ranunculaceae. ‘'As I find families where some of 
the organs become consolidated, and consequently seem to disappear. I refer 
them to a lower rank,’^ he wrote. Today we would say “to a higher rank.’^ 
De Candolle added “Let no one imagine I attach the least importance to the 
arrangement.’^ Brongniart introduced the names Angiosi)ermae and Gymno- 
sperrhae as sub-groups of Dieotyledones. Alexander Braun in 1864 made the 
great improvement of subordinating Monocotyledones and Dieotyledones 
under Angiospermae. 

Bentham had collaborated on de Candolle’s Prodromun, and the Bentham 
and Hooker sequence of families of Dieotyledones closely followed that work, 
especially in the beginning. Their Polypetalae (1862-67) included three 
series with “cohorts” as follows: 

I—Ranales, Parietales (incl. Cistus and Papaver), Polygalinae, Caryo- 
phyllinae (incl. Frankenia and Dianthus but not Chenopodhim), (juttif- 
erales, Malvales. 

IT—Geraniales, Olacales (incl. Ilex), Celastrales, Sapindales. 

Ill—Rosales, Myrtales, Passiflorales (incl. Cucurhita), Ficoidales (incl. 
Cactus and Mesemhryanthemum), and Umbellales. Polypetalae were fol¬ 
lowed by Gamopetalae and Monochlamydeae (incl. Euphorbia), 

Eichler’s Bliltendiagramme was completed in 1878; he began dicoty¬ 
ledons with apetalous groups. His arrangement was approximately fol¬ 
lowed by Engler. The orders in the Engler-Diels Syllabus of 1936 are; 

Nineteen apetalous orders, then Centrospermae (incl. Mesembryanihe- 
mum and Dianthus), then Ranales, Rhoeadales (incl. Papaver), Sarraceni- 
ales, Rosales, Pandales, Geraniales (incl. Euphorbia), Sapindales, Rham- 
nales,. Malvales, Parietales (incl. Cistus, Frankenia and Passiflora), 
Opuntiales, Myrtiflorae, and Umbelliflorae, followed by Sympetalae (incl. 
Cucurbita). 

3 Brooklyn Botanic Garden Contribution No. 98. 

The plates are published at the expense of the author. 
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Bentham and Hooker placed apetalous forms at the end, Enj?ler at the 
begrinnin^; perhaps an intermediate position may be better. Bentham and 
Hooker had Dianthus near Frankenia, Eiijyler placed it near Chenopodium; 
possibly both connections may be right. Earlier botanists had Cisius and 
Papaver near together, but Engler placed them far apart; various recent 
systems have preferred the earlier arrangement. 

Hallier emphasized the importance of considering all characters. Bessey, 
Warming, Wettstein, Hutchinson, and many others have made important 
suggestions. 

Eendle’s modification (1925) of the Engler system returns in various 
respects to the Bentham-Hooker arrangement. For example, Papaver and 
Cisfns are near together; likewise Cactus and Mesemhryarithemum, Rosa 
and Myrtus, Passifiora and Cucurhiia. 

Burtt-Davy (1937) (*onsidered it desirable to have a system in which 
orders are arranged into larger groups. His three subclasses, I. Amentiferae, 
II. Polysteinoiiae, III. Oligostemonae, are divided into divisions, subdi¬ 
visions, cohorts, and orders. He begins with Garrya, Leitneria, and Juglans. 

DIRECTIONS OF EVOLUTION 

Lotsy in 1911 wrote that so long as we do not know^ the origin of angio- 
s])erms a ])hylogenetic arrangement of the dicotyledons cannot be thought 
of. But according to Darrah (1939) the origin of the flow^ering plants is no 
longer *‘an abominable mystery,’’ as Darwin had said, but rather an ab¬ 
sorbing jiroblem with many new’ facts at hand. H. F. Copeland wrote in 
1940; *^When a group is assigned to its true place, it becomes inextricable: 
every character studied increases the certainty of the assignment. Within a 
decade or two there should be few’ families left to be placd by guess.” 

We present herew ith an outline of possible directions of evolution in 
dii*otyled()ns; the numbers in iiarentheses refer to the not('s wdiich follow’. 

Vegetative Parts: Stem from woody to herbaceous. Vessels from scalari- 
form to })itted (1). Leaves from evergreen to deciduous. Leaf venation from 
palmate to pinnate (?). 

Inflorescence and Flowers: From solitary flowers to dense clusters. 
From large flow^ers to small. From convex receptacle to concave. 

Sepals and Petals: From parts alike to different. From many parts to 
few’. F’rom separate to united (2). Prom spiral arrangement to cyclic (3). 
Prom regular to irregular. 

Stamens: From many to few’. From clustered or many to few^ (4). From 
hypogynous to epipetalous. Filament from broad to narrow’. Connective 
from projecting to not projecting (5). 
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Carpels: From many to few (6). Prom separate to united. From ovary 
superior to inferior (7). Style from absent to present. Placentation from 
basal or parietal to apical, axile, or central (8). 

Ovules and Seeds: Ovules from few to many, or to one (9). Endosperm 
from present to absent. Embryo from straight to curved. Seedcoats from 
two to one. 

(1) Chalk in 1937 listed 35 families with some genera having vessels with 
scalariform pits; on the present charts 29 Cretaceous families are marked; 
ten of these are the same, namely: Magnoliaceae, Lauraceae, Hamamelida- 
ceae, Platanaceae, Betulaceae, Fagaceae, Theaceae, Celastraceae, Cornaceae, 
and Caprifoliaceae. It seems certain that a great diversity of flower struc¬ 
tures must have had a long history. (2) A majority of dicotyledons have 
separate petals; separate sepals are the exception and occur chiefly in the 
Magnoliay Cistus, and Papaver groups. (3) Sprague (1925) expresses a dif¬ 
ferent idea. (4) Wilson (1942) points out that the clustered stamens, as in 
Tiliaceae, Hypericaceae, Myrtaceae, etc., may be the remains of former 
starninate branches. (5) Several conifers, Drimys, Talumna, Plaianus, some 
Euphorbiaceae, Viola, Asarum, and also Artemisia, have a projecting con¬ 
nective; the spore-bearing i)art of Ophioglossum seems suggestive. (6) In 
cyclic flowers and especially in flowers in dense clusters there is not room for 
many carpels. (7) The close connections of Rosales to Myrtales, early fossils 
of Myrtaceae, Cornaceae, and Caprifoliaceae, also the otherwise primitive 
characters of flowers of Ca(^taceae, tend to reduce the importance of the char¬ 
acter of an inferior ovary in classification. (8) Flowers with axile placenta¬ 
tion often have parietal placentation in the bud. (9) Robinson (1904) ex¬ 
plains polyspermy as a entomophilous character, while a single ovule often 
characterizes wind-pollinated plants. 

GROUPS OF DICOTYLEDONES (PLATE 3) 

According to Wernham (1913) and many others “Sympetalae should 
not exist as a separate group in a natural .system of classification.” This ap¬ 
plies in all probability also to divisions such as Woody vs. Herbaceous 
Dicotyledones, or to Axis-flowers vs. Cup-flowers, or to Polystemonae vs. 
Oligostemonae. Smaller groups seem more likely to lead toward a natural 
cla.ssification. A number of links between families may be noted : Cist'aceae~> 
Papaveraceae, Cactaceae,Aizoaceae, FraukeniaceaeCaryophyllaceae, 
Passifloraceae—»Cucurbitaceae—»Aristolochiaceae, Hamainelidaceae—>Betu¬ 
laceae, Hamamelidaceae —> Cornaceae, Euphorbiaceae Menisi)ermaceae, 
Theaceae —► Cyrillaceae Ericaceae. 

Linnaeus in his Philosophia Botanica (1751) said that plant affinities 
spread out like regions on a map. At least three dimensions would seem to 
be necessary to indicate relationships, one for time. De Candolle said dia¬ 
grams are good to explain an opinion, bad when taken as facts. Chamberlain 
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said a diagram is very definite, often too definite, it represents a guess at real 
relationships. Many diagrams of the plant world or of flowering plants have 
been made, for example by Giseke in 1792, by Augier in 1801, by Engler in 
1897, several by Wettstein, by Bcssey in 1914, by Hutchinson and by Mez in 
1926, and by Tippo in 1938. 

The present tentative charts and outline may be considered as a some¬ 
what modified form of Rendle^s arrangement, in part intermediate between 
the Bentham-Hooker and the Engler systems. But w^e take from Hallier, 
Bessey, Hutchinson, Eames and others the Magnolia group as the most 
satisfactory beginning. That need not mean it must be ancestral to all other 
groups. 

A. Magnolia Group (Five Orders). 

Flow(*rs often large, i)arts sejiarate, spiral arrangement frequent, sta¬ 
mens usually many, carjiels often many and separate, or single. 

Perianth jiarts separate. 

Magnoliales: Magnol {Magnolia parrip.ora)^ Calycan (Calycanfhns flori- 
(his), Menis (Mciuspcnniim dalturienni), Laurac {Bvnzom acstivale). 

Ranales: Nympli (Ngaiphaca Candida)y Ramin {TroUius laxns), 

Sejials united. 

Rosales (carpels s(‘parate) : Rosac {Potentilia atba). 

Hamamelidah’s (cai'iK'ls jiartly sejiarate) : llamam {Liquida)nl)ar stjfntd- 
flu a). Platan {Platan ns orient at is). 

Leguminosae (<'arpel single, fruit a legume) : Legum {Cliforia ternatea). 

B. Betula or Ulmus Group. 

Ti-ees or slirubs, fiowei's small, apetalous, sexes usually se})arate, stamens 
often in catkins, mostly wind ])ollination, carpels united or single, seeds 
usually few or one to ea(‘h flower, long interval between pollination and 
fertilization, chalazagamy freipient. Wiiul-pollination is now in general not 
effective among tin* diversity of tro])ical vegetation, but may have been so in 
former ages with probably less diversity of forms. Classification not satisfac¬ 
tory. 

Urticales: Morac {Hronssonefia papyrifera). 

Fagales (incl. Casnanna?) : Betul {Betida papyrifera), Fagac {Castanea 
moUissinia). 

Juglandales (incl. Myriea and Jidiania, all near Sapindales?) : Juglan 
(Jnglans l^^iebotdiana ). 

Proteales, Santalales (?). 

C. Cistus Group. 

Spiral or imbi‘i(‘ate arrangement frequent, sepals usually separate, sta¬ 
mens often many, placentae usually ])arietal, that is, separate, endosperm 
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usually i)reseut, aril frequent, seeds usually many to each flower. 

Placentation mostly parietal. 

Cactales (inch Aizoaceae with mostly axile placentation) : 

Caetac (Opnntia stricta), Aizo {Mesemhryanthemum cordifoUnm), 
Salieales: Salic (Salix Caprea). 

Cistales: Cistae {Helianthemum eamim), Tamar {Tamarix peniandra), 
Franken {Franhenia Jamesn). 

Papaverales (mostly herbaceous, more specialized than Cistales). 
Passiflorales (stamens and ovules few% inch Cncnrhita) : Passif (Passi- 
flora alato-caerulea). 

Placentation axile. 

Theales: Theac {Franldinia aliamaha). 

Aristolochiales: Arist {Asarum canademe). 

Sarraceniales, near Aristolochia according* to MacParlane (1908). 

I)—I. Sepals usualhy united, placentation mostly axile. 

D. Malva Group. 

Hairs often stellate, stamens often in bundles, each carpel often one- 
seeded, fertilization endotropic (?), endosperm abundant. 

Malvales: Tiliac {Tilia ionicntosa)^ Stercul {Theobroma Cacao). 
Euphorbiales (which families?): Euphorb {Phyllanthns speciosus). 

E. Geranium Group. 

Stamens mostly in two whorls, hypogynoiis, disk frequent, 
llutales (Nearly all w^oody plants, Ivs. compound, oil glands) : E-utac 
(Ruta graveolens). 

Celastrales (FIs small, often 4 ptd, stamens in one whorl): Celast 
(Eaoiiymns yedoe nsis ). 

Sapiiidales (characters?): Sapin (Koelrcvtcria paniciilata). 

Oeraniales (mostly herbaceous, inch Balsaminaceae). 

F. Myrtus Group. 

Calyx lobes often very small, ovary inferior. 

Myrtales: Myrtac (Myrtu.s communis), Onag {Fuchsia speciosa). 
Umbellales: Cornac {Cornusmas). 

Garryales ? 

G. Dianthus Group. 

Mostly herbaceous plants, stem with vascular bundles usually scattered, 
flowers mostly apetalous, placentation eeritral or basal, embryo often curved. 
Caryophyllales: Caryo {Cerastinm arveme), Portul {Portulaca grandi- 
fl,ora). 

Polygonales, Chenopodiales: Amaran {Deeringia celosioijdes), and per¬ 
haps Piperales. 
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GROUPS OF DICOTYLEDONES (PLATE 4) 

Plate 4 Correction: TTnderline Syraploc, Apocyn, Riibiac (Cretaceous). 

Parts of E, G: the followiii*^ mostly sympetalous, two staminate 
wliorls, carpels more than two. 

C. Cistus Group. 

(^stales; Foiujuier {Fovqnicrkt aplendcns). 

Passiflorales: Carieac (Canca Papaya)^ Cueurb (FeriUca trilohaia). 

Ebenales: Ebenae {Diospyros Virginiam), Sapotae {Achras Sapota), 
Hymploe {Symplocos imctoria). 

E. Geranium Group. 

Erieales: (Meth {Clelhra alnifulia), Diapen (Shorfia yalacifolia), 
Epaerid {Epacris ohiusifoha), Erie {Erim cmrrca), Vae(‘in {Vac- 
ci}f{uiii corymbosum). 

G. Dianthus Group. 

Primulales: Plumbajj: {AcanthoUmon (jluniaccum), Priimil (Primula 
obconicii), T]ieo])}ir (Thvophraaia Jussicui). 

Plantaji'inales (?) : Plantaji’ (Plantayo lanceolaia). 

H—1. Flowers sympetalous, staminate whorl single, carpels mostly two 

H. Fraxinus Group. 

Many herbaceous, fls often zyfromorphic, stamens ej)ipetalous, ovary 
superior. 

Gentianales: Apocyn (Xrrium oleaudcr), Asclep (Pcriploca yracca)^ 
Gentian ((Uuiiana macrophyUa)(Buddlcia officinalis), Oleac 
(Forsyilua in tcrmvdia). 

Solanales: Solanac (Solanum Dulcamara), (\)nvolv (Jpomova tricolor), 
Gesner (Saiutpaulia ionauiha), Scrophul (Antirrhinum majus), 
Acanth (Acanthus montanus). 

Verbenales: Borra^' (Myosotis alpcsiris), Labiat (Iboza riparia), Pole- 
mon (Phlox pamculata). 

I. Rubia Group. 

Flowers mostly small, in dense clusters, ovary inferior. 

Pubiales (many charavders like Umbellales) : liubiac (Pentas carnca), 
Dipsac (Scabiosa caucasica), 

Campanulales (flowers often Jar^^e, flive carjiels): Gampan (Campanula 
rotund if olia), Briinon (Brunonia australis), Gooden (Goodcnia 
ovata). Classification not satisfactory. 

Asterales: Comjios (Scnecio fulyens). 
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SUMMARY 

This paper presents a number of problems regarding evolutionary trends 
in the Dicotyledones. The flower structures illustrated show facts; their 
arrangement ideas. As Sprague (1925) says, ‘'until the orders themselves 
have been placed on a synthetic basis, no great progress can be made in the 
circumscription of the higher natural groups.’’ 

I wish to express my appreciation to Dr. R. W. Chaney, University of 
California, for information about fossil plants, and to Miss Maud H. Purdy, 
staff artist of the Brooklyn Botanic Garden, for the illustrations, nearly all 
of which were made from living plants. 

For a comprehensive list of references see Turrill, W. B. Taxonomy and 
phylogeny. Part III. Bot. Rev. 8: 65.5-707. 1942. 

Brooklyn Botanic Garden 
Brooklyn, New York 
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DESCRIPTIONS OF TROPICAL RUSTS—VI^ 

Cteorge B. Cummins 

The Urediiiales rei:)()rte(l in this paper were collected, for the most part, 
by Mrs. Mary Stroiij; Clemens in New Cniiiea and by C. C. Hansford in 
Uganda. The type specimens are dejmsited in the Arthur Herbarium. Speci¬ 
mens collected by Hansford and by Nattrass are also in the Herbarium ot* the 
Imperial Mycolo^ical Institute. 

Aecidium hansfordii (himmins, sp. nov. (fi**'. 4). Py('niis (*pij)hyllis, 
co})iosis, subej)idermalibus, leuticularis, 200-300 p latis, 100-150 p altis, sine 
para])hysibus. Aeciis hypophyllis, sul)ej)idermalibus, in maculis flavo- 
briinneis iis(iue ad 3 (Uii. diam. plus miiiusve dense afrj’rejiatis, cupidatis, 
0.15 0.25 mm. diam., marline 7*(*curvato; cellulis peridii cuboideis, ellij)- 
soideis vel oblon^is, 12-18 - 18-29 p, pariete iuteriore minutecpie verrucoso 
3p cr., exteriore levi 1.5 2p cr.; aeciosporae ^rloboideao, ellipsoideae vel 
oblon<z()-eili]7soideae, 12-17 > 10-20 (-23) p; membrana hyalina, minutecpie 
verruculosa, 1 p cr. 

Ojj PhcfroHui (Caiifhium) r?df/r/r/.s% Uganda : Ent(*l)be Road, July 1939, 
(\ G. JJansford fjfso, Novend)er 1940, C. G, Hmisford 2.92.> (type). 

Tile ])ycnia of this species are of .striking*: ap])earance in section and ap¬ 
pear as if stained, witli tlie hymenial layer golden, the mass of s])ermatia 
paler, and with a clear golden-brown layer just beneath the eiiidermis. This 
layer is homogeneous, Mith much the color and a])i)earance of resin and ap- 
])ears to be a solidified exudate of some kind. 

A. Innisfordn differs from A. 'phctrondada P. Henn. and ^l. incom- 
2 Kira(>df Syd. because of the jiresence of ])ycnia and because of smaller 
aeciospores. A. 'iucatnjxirnhih is also distinct because it causes marked hyper¬ 
trophy. OthtM* species dcs(‘ribed on PJccIronin have the Avails of the aecno- 
S])ores thit'kened apically. 

Aec’IDIT^m iiYPOESTis Syd., on Pcrisirophr sp. {aff. bivalvts). New 
C iUNEA : Morobe: Markham valley, Kajabit Mission, Se])t. 11, 1939, Clemens 
10690. 

Dr E. D. Merrill determined the ho.st (sterile) as follows : “ Acantluu'eae ! 
ajid 1 think PerislnrpJie s]). aff*. P. hi rains (L.) Men*. The only other 
possibility is Ilppoisles s]). but J think not, 

The ae('ia of A. hifpoesiis are described (Ann. Myc. 29: 175. 1931) as 
“aecidia f)ycnidia circulariter circumdantia.'” This is true of the smaller 
spots in the Clemens’ collection but in older infections the aecia lack any 
regularity of arrangement and occur in loose groups with a diameter of as 
much as 1.5 cm. The pycnia mainly occur on the under side of the loaf, AAdiich 
is also true of SydoAv’s species. There appear to be no differences micro- 
scof)i(fally. 

1 Journal Paper Number 77, of the Purdue University Agricultural Experiment Sta¬ 
tion. Contribution from tlio r)ei)artment of Botany. The fifth article of this series was 
published in Bull. Torrey Club 70: 68-81. 1943. 
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A, hypoestis was described on H. cumingiana and H, florihtinda from 
Ilocos Sur Prov., Narvacan, Philippine Islands and has not been reported 
from other regions. 

Aecidium magnipycnium Cummins, sp. nov. Pyeniis pau(*is, epiphyllis, 
profunde immersis, rufo-brunneis, 125-160 [.j latis, 250-350 |j altis. Aeciis 
hypophyllis, in macnlis flavidis usque ad 8 mm. diam. plus minusve laxe 
aggregatis, cupulatis vel breviter cylindraeeis, albidis vel pallide flavidis, 
margine erosis, 0.2 mm. diam., profunde immersis; cellulis peridii obloiigo- 
ellipsoideis, 15-22 x 26-40 p, pariete exteriore minuteque striato 2.5-3 |.j, 
interiore plus minusve grosseque rugoso 3 p er.; aeciosporae ellipsoideae vel 
late ellipsoideae, 15-23 x 23-30 jj; membraua 1-1.5 |j er. vel ad apieem 2-3 p 
cr., hyalina, verrucosa. 

On Clematis sp. probably papnasica var. puhesce7is. New Guinea: 
Morobe: Sattelberg, Nov. 24, i935, Cletnens 964, Dec. 19, 1935, Clemens s.n., 
Mar. 4, 1936, Cleme^is 19640, Mar. 13, 1936, Clemens s.n,; Yuiizaing, June 
29, 1936, Clemens sm. (type), July 16, 1936, Clemens 36ii, Aug. 14, 1936, 
Clemens 3874; Ainieng, May 8, 1941, Clemens 12157. 

This species has characteristic long narrow pycnia which arise deep 
within the mesophyll, usually adjacent to the vascular elements, and extend 
upward to the upper epidermis. In color they are reddish brown and usually 
appear as if parasitized or abortive. The aecia are deep-seated also, arising 
just beneath the palisade layer. Not uncommonly they develop in the old 
pycnia and then extend almost completely through the leaf. The walls of the 
aeciospores are usually slightly thicker apically but this is variable. 

Because of the apically thickened spores, the deep-seated sori, and es¬ 
pecially the large pycnia A. magnipycninm appears not to be closely related 
to any rust described on Cleynatis. 

Aecidium mprobense (himmins, s]). nov. Pycnia amphigena, sube])i- 
dermalia, conica, 100-150 p diam., paraphysata. Aecia epiphylla, profunde 
immersa, non vel vix exserta, 150-250 p diam., flavo-briinin^a, in maeulis 
rufo-brunneis leiiiter incrassatis usque ad 1.5 cm. diam. aggregata; (‘cllulis 
peridii ellipsoideis 15-20 > 40-55 p, membraua ul)i(|ue 1.5-2 p cr., levi; 
aeciosporae variabiles, praecicpie oblongae vel oblongo-elli])soid(*ae, ad a])i- 
cem rotundatae, truncatae vel aciiminatae, 15-26 x 35-56 p ; membraua flavo- 
bruTinea 1.5-2 p cr., ad apieem et basini 5-10 p cr. et subhyalina, moderate 
verrucosa. 

On Eloeocarpus sp.. New Guinea: Morobe: Yunzaing, Aug. 15, 1936, 
Cle m e ns 3885 ( type ). 

This s])ecies is macroscojiically similar to Aecidium elaeoeovpieola (bim- 
mins but the ai)ically thickened s])ores are quit(‘ difl'erent and more like those 
described for A. puspa Racib. and A. elaeocarpi Racib. TJiere is no lateral 
adherence into horizontal strata such as noted for A. elaeocarpi by both 
Raciborski (Bull. Acad. Sci. Cracovie Cl.« Bci. Math. Nat. 1909: 276) and 
Cummins (Mj^cologia 33 : 388. 1941). The spores are also less regularly ob¬ 
long, somewhat shorter, and the peridial cells are smooth. The pycnia are 
similar in all of these species and all cause hypertrophy of the liost, but this 
is less ijronounced in A. morobcnse and A. elacocarpicola than in A. puspa 
and A. elaeocarpi. 
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There are spots on one leaf which appear to be old telia and stnictiires 
were found which are probably teliospores. They measure approximately 
]9-21 X 50-62 |j, are ellipsoid, hyaline, and nniformiy thin-walled. Unfortu¬ 
nately, 1 was unable, even in sections, to be sure that these were teliospores. 
If they are, as 1 susi)ect, then this species and P. puspa Kacib. {A, pufipa) 
jirobably have similar teliospores, althouj^h the telia of P. puspa occur in 
concentric rin^^s rather than solitary. 

Aecidium papuasicum Cummins, sp. nov. Pycuiiis |)er])aiicis, epiphyllis, 
profunde iinmersis, aureis, 130-180 p latis, 175-200 [\ altis. Aeciis hypo- 
j)hyllis, in maculis flavo-brunneis uscpie ad 1 cm. diam. laxe a^rj^refratis, 
cupulatis, flavidis, profunde immersis, 225-375 ^ diam., marj^ine erosis; 
celliilis peridii oblon«:is vel ellipsoideis, 18-23 x 26-40 j^j; pariete interiore 
moderate ruji’oso 2.5-3 p cr., exteriore minuteque striato vel fere levibus 
3-3.5 q cr.; aeciosporae p:loboideae vel late ellipsoideae, 14-19 x 18-23 ; 
meinbrana 1 q cr., hyalina vel pallide flavida, minuteque verruciilosa. 

On (^Icniatis sp. probably papuasica. New Cuinea: Morobe*. between 
Wareo and Sattelbei*^', Feb. 7-8, 1936, Clemens 1197a; Quembuii”', Mar. 2, 
1936, Clemens 20t<3 (type). 

A. papuitsieum has de(‘p-seated sori ninch as ^1. ma<jnip\fen\um but the 
pycnia are somewhat smaller and more nearly jiloboid, the aecdospores 
smaller, and the spore wall nniformiy thin. Maerosco])ically, the aecia are 
yellowish and bear some re.semblance to the aecia of Puecinia elavata Syd. In 
P. elavata, however, the sori are not as deep-seated and the j)ycnia avera^’c 
only about 75 q hi^di and 125 q wi<le. 

Aecidium rutideae Cuniniins, sp. tiov. Pyeniis (‘onspiciiis, epiphyllis, 
sube])idermalil)us, huitieularis, 250-350 q latis, 75-125 q altis, sine para- 
])hysibus. Aeciis hy])oi)hyllis, in maculis flavo-brunneis uscqie ad 2 cm. diam. 
plus minusve laxe a”<.;r(‘<zatis, cupulatis, marjiine recurvato, hu'crato; cellulis 
peridii oblon»:‘is vel oblon^^o-ellipsoideis, 14 19 30-40 q ; ])ariete exteriore 

2.5 3q cr. levi, interiore 3-4 q cr. moderate veiTiicoso; aecdosporae jzlo- 
boideae, e11ipsoidea(' vel oblon<’o-clli])soideae, 15-23 * 20-26 q; membrana 1 q 
cr., ad a|)i(‘eni 3 -9 q ('r., hyalina, verruciilosa. 

On Hat idea rnjipdis, Uganda : Kntebbe Koad, August 1940, C. G. Hans¬ 
ford 21 Hr) (TYPE). 

This Aeeidinm, the first d(\scribed on the uenus Pntidea, is characteristic 
because of the a])ically thickened walls of the aeciospores. 

Arthuria Columbiana (Kern & AVhetzel) Cummins, comb. nov. (fijz*. 1). 
Phakopsora eolnmhiana Kern Whidzel, Jour. Dept. Ajrr. Pu(*rto llico 14 : 
304. 1930. 

A recent careful study of material of this .s])e(*ies in the Arthur Her¬ 
barium has revealed that th(‘ ur(*dios|)ores are borne in chains se])arated by 
distinct int(‘r('alary cells. The rust is not, therefore, a Phakopsora and must 
be transferred to the ^enus Arthuria as the second known species. The type 
speedes. A, eafenulata Jacks. & Holw., which also parasitizes siiecies of 
Croton, has been reported (see Jackson, Mycolo<>ia 33 : 464. 1931) only from 
Brazil. 
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The two species are much alike but can be distinguished without diffi¬ 
culty in either the uredial or telial stages. In A. catemilata the teliospores 
(fig. 2) measure (18-) 20-26 x 24r-35 (-40) [\ while in A. Columbiana (fig. 1) 
they measure (1B-) 20-27x33-48 (-52) p. Kern and Whetzel originally 
published the size of the urediospores of A, Columbiana as 23-27 x 26-31 p 
but Kern and Thurston (Myeologia 32 : 624. 1940) later increased the 



Flo. 1. Two chains of tcUos])ores (stainctl) of Arthurui columbtana; the H])orcs arc colorless. 
Note that they are larger than in A. eatenulata. (From type.) x 800. Fig. 2. Two chains of telio* 
spores (stained) of Arthuria catemilata; the spores are colorless. (From type.) x 800. Fig. 3. 
Ceroielium daedaloides; surface view of a leaf showing the characteristic, labyrifnthiforiu ar¬ 
rangement of the telia. The whitish lines are the telia, Hie dark areas are leaf surface. (From 
type.) xlOO. Fig. 4. Freehand, unstained section of a pycnium of Arcidnm JiansfordiL The 
clear layer just beneath the epidermis is composed of a homogeneous, golden-brown, resin-like 
substance. (From type.) x 225. Fig. 5. Freehand, unstained section of a teliftm of Phakopsora 
hansfordii. (From type.) x 800. 
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measnrenionts to 24-32 x 29-42 [x. The urediospores in both species are 
variable and 1 would ji^ive the sizes for A. eatenulata as 18-25 x 25-35 p and 
A, Columbiana as (19-) 22-28 (-32) x (26-) 28-38 (-42) p. There is no 
preat difference in size but the walls of the urediospores in A. cafcnulala are 
only 2-3 p thick while in A. columbiana they are 3-5 p and much more 
coarsely aiuileate. The pores are obscure in both species but are definitely 
scattered in A. calcnulnia and six or seven in number. 

Thus far yt. cohimbiana is known only on Croton gossypifolius front Co¬ 
lombia and Trinidad. The species was issued, in the uredial staji^e and under 
the name Phalopsora croloiuH, in Reliquiae Parlowianae No. 679. 

Bubakia (’ROTonis (Cooke) Arth. (fig. 7). On October 14, 1941 telia w^ere 
colle(*ted on Croion monanihoqymis mcwr Paoli, Indiana and overwintered at 
Lafayette. Seeds, collected at the same time, were used to grow plants in the 
greenhouse. Since early spring attempts to germinate the teliospores wmtc 
negati\e the itlants \\(‘re trajisplanted to the garden in May and mulched 
with the telial mat(‘rial. Py<'nia api)(‘ared on flun(‘ 5, P)42 followed by 
uredinoid aetna on dnm* 10, thus proving the s])ecies to be aiitoecious. 

Th(‘ ])y(‘nia are sulxuiticiilar, hemispheri('al or ('oni('al, 80-150 p in diame¬ 
ter, with a delicate i)(‘ri(lium wiiosc* apical (‘ells be('ome elongated and ])ar- 
tially free but are not extruded as ostiolar filanumts. The hymenial layer is 
flat. The aecia are uredinoid, subepidermal, without peridium or ]>araphyses, 
brownish, pulv(‘rulent, 0.2-0.7 mm. in diameter; the aeciospores are like the 
uredios])ores of the sjKH-ies. 

While the lif(‘ cycle* of a species of Bnbakia has not been completed pre- 
Auously by ex])(*rjmentation, Jackson (Mycologia 23 : 466. 1931) has described 
])y(‘nia and uredinoid a(*(‘ia for />. arpcnfincusis (S])eg.) Jacks. & IIolw. on 
Croton hirtns f!*om Brazil. Later, Cummins (Mycologia 32 : .370. 1940) also 
ree'orded pycnia and uredinoid aei'ia for B. chrrttac (Hirats ) S. Ito on 
Ehrdia s]). from New Cuiiiea. 

The ])lants usihI in the ('xperiimmt reported above were l(*lt until October 
14, and uredia followed by telia resulted from infeedion })y the aeciospores. 
Se(‘tions of the telia (tig. 7) ])rove that the teliospoi'es are not cat(*nulate but 
are fornu'd by the enlargement of the iiulividual units of a cellular tissue 
which underlies the sorus. At first the long axis of the developing spores is 
horizontal but in contbiuevi giowth be(*omes vertical, so that the mature 
spores are higher than wide. As additional spores are produced they are 
pushed upward from the base of the sorus, or inward from the sides, and 
tend to be wedged between the overlying spores. A generally similar de¬ 
velopment was described (Bull. Torrey Club 67 : 69. 1940) for B. cryihro.ry- 
lo 7 iis (Graz.) Cummins and is probably characteristic for the genus. 

Cerotelium daedaloides (himmins, sp. nov. (fig. 3). Pycniis, aeciis et 
urediis ignotis, verisimilker nullis. Teliis hypophyllis, subepidermalibus, 
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erumpentibus, in macnilis flavo-brunneis phis minusve indeterminatis usque 
ad 6 cm. longfis dense ag^gregatis, labyrinthiformiter confluentibus, cinereo- 
albidis, minutis; teliosporis 4-6 superpositis, lateraliter conjunctis, plus 
minusve cuboideis, 7-9 x 9-13 p; membrana ubique 0.5 \\ cr., hyalina, poris 
germinationis verisirniliter nullis, statim germinantes ad apieem in pro- 
mycelium typicum ; basidiosporae ellipsoideae, 3-4 x 5-6 p. 

On Clerodendron sp. aff. bnehoUzii, Uganda: Entebbe Road, November 
1940, C. G, Hansford 2917; on Clerodendron sp., Entebbe Road, December 
1940, C. G. Hansford 2939 (type). 

This is an interesting species of uncertain relationship. The sori are in¬ 
itiated beneath the epidermis but earlj^ bei'ome exposed. Individually they 
are minute and so densely crowded that the infected spots appear to be 
uniformly covered with a whitish bloom. Moderate magnification (fig. 3) 
reveals, however, that the sori are irregularly confluent in a labyrinthiform 
pattern with somewhat the aspect of the pore surface of a Daedaha. The 
lines of sori are somewhat felty due to the abundance of basidia, which are 
formed by the apical growth of the walls of the teliospores. The basidia are 
four-celled, measure about 8 v 20 p, and produce four very small basidio- 
spores on short sterigmata. 

The species is probably microcyclic and is perhaps best referred to 
Cerotelium, a genus in which microcyclic species have not been recorded. In 
Cerotelhim the teliospores are in more definite chains than seems to be true 
in this rust. The same is true of Chrysomyxa, a genus usually considered to 
be restricted to ericaceous hosts. Moreover, the teliosj)ores, basidia, and 
basidios})ores are smaller in C. daedaloides than in Chrysooiyxa and there is 
no indication that the telia are waxy in character. In section the telia appear 
much like those of C. morobeanum Cummins (Mycologia 33: 145. 1941, fig. 
1), on Dcrris, and the teliospores are of the same size but the sori are of 
entirely different arrangement and gross appearaiu'e. 

Hemileia harunganae Cummins, sp. nov. Pycniis, aeciis et teliis adlmn 
ignotis. Urediis hypophyJlis, sparsis vel Jaxe aggregatis, pallide flavidis, 
minutissimis, per stomata erumpentibus; uredios])orae cIlipsoid(*ae vel 
globoideae, 16-23 x 19-25 p; membrana 1.5-2 p cr., iiallide flavida vel fere 
hyalina, denseque echinulata; poris germ, obscuris. 

On Harungana (Haronga) niadagasvariensis, Uganda: Kawanda, August 
1940, C, G. Hansford 2803 (type). 

This is the first rec'ord of a species of Hemileia on Ilypericineae. 

Hemileia rutideae Cummins, s]). nov. Pycniis et aeciis incertis. Urediis 
hypophyllis, jiartes foliorum ])lus minusYe dense obtegentibus vel sparsis, 
mimttissimis, flavidis, j)er stomata erumpentibus; urediosporis in apice 
hypharum fasciculatim erumpentium ortis, plus minusve reniformis, 19- 
23 X 26-35 p; membrana hyalina vel pallide flavida, in parte superiore 2-3 p 
cr. moderate aculeata (1.5-3 p), inferiore 1.5 p cr. frequenter fere levibus; 
poris germ, obscuris. Teliis adhuc ignotis. 
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On Jtufidca rufijnlis, IToanda : Entebbe Road, November 1940, C. G. 
Hansford 2915 (type). 

There are remnants ol* old aecial infeetions on two leaves of this eollee- 
tion. These may have })een caused by Aecidinm ruiideacy which was collected 
on the same host in this locality. 

Phakopsora hansfordii Cummins, sp. nov. (fig:s. 5, 6). Pycniis et aeciis 
ifi’notis. Urediis hypo])hyllis, sparsis vel laxe ap:j^ref?atis, rotundatis, 75-175 jn 
diam., pallide brunneis, subepidermalibus; paraphysibns periphericis, 
copiosis, incnrvalis, plus minnsve clavatis, 10-14 x 23-55 lumine nullo vel 
snbniillo; nrediosporae obovoideae vel ellipsoideae, 15-19 x 23-30 n ; mem- 
brana 1-1.5 cr., minntecpie echinulata, fiavo-brunnea vel pallide cin- 
namornea; poris ‘ierm. obscuris. Teliis hypo])hyllis, in maeulis flavidis vel 
brunneis laxe a^j»Te<»atis vel sparsis, rotundatis vel irrejrularibus, 0.1-0.5 
mm. lon^ns, subepidermalibus, indehisceiitibus, atro-brunneis; teliosporis 
2-() su])erpositis, oblonj’ls, cuboideis vel plus minnsve eHi])soideis, 8-18 \ 14- 
23 p ; membrana ubi(pie 1 p (^rassa, ain'eo-brunnea. 

On Ah'ornva cordifolia, Uganda: Kawanda, March 1940, C. f/. Hansford 
2o61 (type). 

The uredial paraphyses (fi^. (i) ])rovide the dislin<»’uishiM^‘ feature of this 
species. They are comj)osed of a short, thin-walled stalk and an irrejjrular 
(dub-like upj)er portion which appears to be solid. This upper portion is 
hi<rhly refra(di\e to li<»'ht, when mounted in water, and appears as it mi^ht 
if densely filled with ])7’()toplasm. When mounted in j»lycerin(*-al(*ohol the 
upper poidion l()s(\s its refractive aiipearance. Macr(>scoj)ically, the ])ara- 
pliys(»s appear as a whitish rinp: about the sorus. 

The uredia and telia both develop directly below the epidermis from a 
flat sporojjrenoiis layci* and do not ('xtend into the nn'sophyll. 

Phakopsora MKinoMiAP Arth., on Deswodinni s]).. New Otunea : Morobe: 
Malalo Mission, May 25-27, 1936, (Inncns ,lU1a, Ami(mp\ Ptd). 14, 1941, 
(V( in( ns ltSS7: on Vraria lafiopodioidcs, Kajabit, Aii”*. 2, 1939, (denwns s.n. 

This s])e(des has not been r(M‘ord(»d for New (Juiiiea ])r(‘viously, although 
reported from tin* Philip])ines. The (‘olh'ction on Vrana is rcferi*ed here 
tentatively since tiu* uivdia arc like those of P. nuahotniar. Si)(^ci(‘s of Prana 
hav(‘ not l)e(Mi report(*d as hosts for spivies of the Uredinales. 

Piiakoi’Soija vujnae (l>r(‘s.) Arth., on PhascoJns Intudns, New (Iuinea; 
Morolie: lioana. May 23, 1940, Clnnrns sjl 

Althoiij’h Hiralsnka (Hot. Ma^’ Tokyo 49: 786. 1935) treats tliis rust as 
a synonym of P. ])ac1i ifrhizi Syd. I have ))ointcd out recently (P>nll. Torrtw 
Club 70: 73 1943) that there is some evidtmee that this may not be (‘orrect. 
J\ ixfclnfrluzi has been repoided from New (inim^a on Mi(ci(na but this is the 
first a('('ount of the (x'ciirrcnce of P. viijnac. Telia are not pivsent in eitln'r 
s])C(dmen. 

PiUTiNiA (jouaniae-tiliaefoliae Syd., on Gonannt (d*. j(fra)iica. New 
Guinea: Morobe.- Hoana, Oct. 8, 1940, (lancns s.n. 

This sp(‘ci(^s, d(\scribed from the Philippines, has not lunm itcohUhI as 
occMirrin**’ in New Guinea. 

Puccinia hansfordiana Cummins, sp. nov. (fijr. ID. Pycniis et ac^dis 
ipiotis. lli-ediis amphi<»enis, snbe])idermalibus, sfiarsis, obscure cinnamomeis. 
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pulveriileiitis, rotundatis, 0.2-0.5 mm. diam.; urediosporae late ellipsoideae 
vel ellipsoideae, 23-26 x 28-38 (j; membrana 1.5-2 p cr., einnamomeo- 
brumiea, moderate echimilata; poris }?erm. 3, aecpiatorialilms. Teliis urediis 
conformibns sed pulvinatis; teliosiiorae ellipsoideae vel oblon^?o-ellipsoideae, 
utrinque rotniidatae vel deorsum leuiter attenuatae, medio leniter con- 
strictae, 25-31 x 43-56 p; membrana 1.5-2 |.j cr., ad apicem 4-6 n cr., 
castaneo-brunnea, levi, poro snperiore apicali, inferiore jiixta septum sito; 
pedicello sporam aequante vel breviore, sernipersistenti, hyalino. 

On Senvcio dcnticulatus, Uganda: Kaeliwekaiio Farm, Kifiezi, Aiiprust 
1937, 0. G. Hamford 2227 (type). 

This rust has a greneral resemblance to Puveima scnccUniicoJa Arth. but 
the apical walls of the teliospores of P. hanafordiayia are thinner, the thicken¬ 
ing being in the nature of a semihyaline, differentiated, unboiiate (*ap, and 
the urediospores have three rather than two pores. Uredo scnrcionicola Jacks. 
& Holw., described from Ecuador, has similar urediospores but is [)r()bably 
not synonymous. 

PucciNiA OAHUENSis E. & E., Bull. Torrey Club 22 : 435. 1895 (figs. 9, 
10). {Uredo digitariaecola Thiim., Myc. TJniv. No. 2041. 1882; Pnve/mia 
dujifariae Pole Evans, Ann. Bolus Herb. 2 : 111. 1917.) 

P. oahuefisis has been considered to occur only in Hawaii (see Stevens, 
Bernice P. Bishop Mus. Bull. 19 : 122. 1925). There are, in the Arthur Her¬ 
barium, Puerto Kican specimens whi(*h bear this name but they were never 
reported in print as such and were included under P. {Dicac(nna) luhuJosa 
in the North American Flora. Arthur and Cummins (Phil. Jour. Sci. 59 : 
439. 1936) reported P. paspalicola (P. iuhvlosu) from the Phili])pincs and 
Cummins (Mycologia 33 : 147. 1941, wdth fig. 3) re])()rted similar New 
Guinea collections as P. digilariae. In neither case was P. oalniensfs given 
consideration, although the New Guinea collection oc(*urs on the same host, 
D. prnriens. Hiratsuka (Bot. Mag. Tokyo 59 : 20. 1935) has recognized P. 
oahuensis on four species of Digitaria (Syntherisma) in Formosa, as well as 
for various localities in other publications. The African Pucentia on 
Digitaria has been referred to P. digiiariae (Svdow, Monogr. Tired. 4 : 604. 
1924; Doidge, Bothalia 2 : 124. 1927, with fig.‘; 3 : 499. 1939, with fig. 16; 
Ho])kins, Trans. Khod. Sci. Assoc. 35 : 106. 1938; Dade, Bull. Misc. Inf. Kew 
1940 : 219. 1940). 

Through the courtesy of Miss Doidge and Dr. Bisby rej)resentative col¬ 
lections of the African rust have been available for study, although I have 
not seen Pole Evans’ type. 1 have been able to study telial material from 
Ha^vaii (including the type, fig. 10), the Philippines, New Guinea, India, 
Transvaal, Southern lihodesia, Uganda, Brazil and Puerto Rico (fig. 9). 
With the possible exception of the Uganda collection the specimens appear 
to represent a single species. The telia are small, inconspicuous, and remain 
more or less indefinitely covered by the epidermis of the host. Consequently 
the teliospores are closely compacted and variable in sizci and shape. Meso- 
spores are not uncommon, especially at the edge of the sori. At the periphery 
of the sorus there is a very slight development of brownish paraphyses (fig. 
9, p) but the sorus is not divided into locules. The urediospores are light 
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Fro. G. Urrdijil paraphyses of Phakopsora hansfordu. (From t.vi)e.; ^ SOO. Fio. 7, Freoliaiid, 
iiiistaiiiod section of a teliiim of Biihakia crolonis. Note that the teliosporos are not arranged in 
chains but are ])rodiu*ed in an irregular manner from a liasal, rather thiek*\valled, cellular tissue 
which lies more or less at right angles to the long axis of the mature spores. (From culture mate¬ 
rial described in the text.) \ 800. Fia. 8. Teliospores of Vrompees puslulatns; the spores are 
minutely reticulate, (From TTansford x 800. Fid. 9. Freehand, unstained section of a 

t(‘lium of Puccinia oahuensis; not(‘ the slight development of ])araphywses at 1\ (From Seaver & 
(''hardon 1 ih').) v 800. Fid. 10. Telios])ores of Puccinia oahncnsis. (From type.) x 800. For illus¬ 
trations of teliospores from Africa and New Guinea see references cited in the text. Fig. 11. 
Teliosyiores of Puccinia hansfordiana. (From type.) x 800. Fig. 12. Teliospores of Puccinia 
ugandana, a species characterized by a ]>repoiiderance of uiesospores. The two-celled spores are 
variable in size and configuration but are frequently diorchidioid, as shown here. (From type.) 
X 800. 
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cinnamon- or golden-brown, echinnlate, and have four to six, usually four or 
five, equatorial pores. Measurements of the spores are as follow^s: Hawaii 
(type of P. oahuensis), II: 22-29 x 28-36 (j, III: 17-26 x 27-39 q; Philippines 
(Clemens II: 22-26 x 25-30 p, III: 16-24 x 27-40 g ; New Guinea 

(Clemens .s’./l), IT: 22-28 x 28-33 q. III: 17-23 x 28-46 q; India (Sydow, 
Ured. II: 21-26 x26-32 q. III: 18-26 x 36-48 q; Transvaal (Doidge, 

Myc. Herb. Union Dept. Agr. ^7587), II: 23-30 x 27-36 q, III: 14-23 
X 33-50 q; So. Khodesia (Hopkins J2(m), II: 20-21 x 26-29 q, HI: 17-25 
x 38-52 q; Brazil (Muller 5id), II: 18-24 x 23-31 q, III: 17-23 x 33-42 q ; 
Puerto Rico (Soaver & Chardon 7//5), II; 19-23 x 23-30 [i, III: 16-22 
x 35-40 q. Doidge (Bothalia 2: 124. 1927) gives the following measurements 
for South African material: II: 19-24 x 23-33 q. III: 20-30 v 27-47 q. 
Sydow’s (Monogr. Tired. 4 : 604. 1924) measurements for the spores found 
in Uredo digiiariaccola are: 11 : 19-24 x 24-33 q, III: 17-19 x 35-40 q. 

The evidence indicates that these collections of Pnevinia on Digiiaria 
represent a single s[)ecies which should be designated as P. oahunisis. 
Puccinia substriafa Ellia (P. iuhidosuni) (see Cummins, Mycologia 

34 : 683. 1942) is not synonymous. 

It was mentioned above that the Uganda specimen (Hansford 2176 on 
P. scalarum) diflFered somewhat from other ('olleidions. The uredia liave 
peripheral paraphyses like those of P. oahaensis and, while of the same size 
(20-29 X 26-35 q), the urediospores have six to eight scattered ])ores. Tlie 
teliospores are similar also (17-24 > 38-52 [j) but the telia j*upture the 
epidermis at an early stage of develoimient and become ipiite evident. This 
collection may be only a variant of P. o(dni(’7isis or it may represent an 
undescribed siiecies. 1 prefer to accept the first of these j)()ssibiliti(*s until 
additional collections become available. 

Puccinia ugandana Cummins, sp. nov. (fig. 12). Pyeniis, ae(*iis et 
urediis nullis. Teliis hypophyllis, subepidermalibus, in greges uscpie ad 4 mm. 
diam. dense aggregatis, soris individuis 0.2-0.5 mm. diam., (*astaneo- 
brunneis, pulvinatis; teliosporae variabiles, praechqie ellipsoideae vel plus 
minusve diorchidiodeae, utrinque rotundatae, medio non vel leniter con- 
strictae, 17-24 x 22-27 q; membrana pallide castaneo-briinnea vel aureo- 
brunnea, levi, 2-2.5 q cr., ad a])icem 3.5-6 q; mesosporis cojiiosis, elli])soideis 
vel globoideis, 17-23 x 19-25 q; pedicello persistenti, hyaliiio, 3-6 q lata, 
sporam aequante vel Jongiore. 

On Jasminum sp., Uganda: mile 20, Horina Road, April 1940, C. 0. 
Hansford 2672 (type) . 

P. ugandana is a microeyelic species, strikingly ditfereiit from species of 
Puccinia previously described on Oleaceae because of the small, commonly 
diorchidioid teliospores and the abundance of mesospores. The mesospores 
are the predominant type, the two-celled spores being infrequent. Because 
of the small size of the mesospores they can be readily distinguished from 
the teliospores of Uromyces hohsoni Vize or V, comedens Syd. 
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Puc(^iNiA VAGANS (DC.) Artli., on Epilohium sp., New Guinea: Morobe: 
Mt. Sarawaket, Oct. 18, Cleninis 726*2. 

P. vagans has not been reported from New (hiinea but is a rust of wide 
distribution. Tlie eolJ(‘etion consists of the systemic aecia which are character¬ 
istic of the species. It was collected at an estimated eJevation of 10,000 ft. 

Uavenelia nuEvisi'ORA Hirats. & Hash., on Brcgniaf sp.. New Guinea: 
Morobe: Kajabit Mission, July 29, 1939, September 1939, (Ucmetis s.v.; on 
Plnfllanthits sp., Kajabit Mission, Sex)t. 20, 1939, Clcmvm 10700, 

Telia arc not ])resent in these collections but there are old aecial spots 
which may indicate that this species has eupulate aecia. Throu^li the kind¬ 
ness of Dr. Hiratsuka I have been able to compare the uredia with the type 
of H. brcrfspora and find satisfactory agreement. 

P. hrrvispora was des('ribed (Dot. Ma^^ Tokyo 49 : 522. 1935) on 
PhglUinIhus rcfiotlafiis fi*oni Formosa and luis not been rt^ported previously 
from New (Juinea. 

Fkeik) ckn(uiricola P. Ilenn., on Ccnchrus ciliaris, Uganda: Kawanda, 
March 1941, (\ G, Hansford 29S7. 

While no specimen lias been available for comiiarisoii T feed sure that 
Hansford’s (*olleetions are U. ct nchncola. TIm^ spores are lar^e, measurinj^ 
23-29 29 -39 ( -42) [i, have a cinnamon-brown wall 2-2.5 in thickin^ss, and 

four or fixe eipiatorial poiTs. The s])tH*ie^s is readily distin^’uishablc from 
Pnccinia crnchri Diet. & Ilohx. because of the more numerous pores. 

Uredo cissicola Cummins, s]). nov. Urediis hypophyllis, rarius epi- 
phyllis, subepidermalibus, s])arsis vel laxe a^jiri'^atis, rotundatis, 0.15-0.35 
mm. diam., (‘innainomeo-brunneis, jiulveruleiitis, ejiidermide rupta con- 
spi('ue; ureMlios])orae elli])soideae, obovoideae vel oblonjio-ellipsoideae, 19-25 
^ 29-35 p; membrana 1.5 (.i vr„ flavidiila vel fere hyalina, valde ecliinnlata; 
])oris jrerm. obseuris. 

On Cissus quadrangularis, Uganda*. Kiterera, Busoj^a, Se])tember 1940, 
(\ ( r , Hansford 2813 (type). 

U. cissicola is (diaracderized by relativedy lar^e, sharply echinulale uredio- 
s]K)res and sori devoid e)f paraphyses, fenitur(‘s which distinjzuish it from 
])reviously des<n’ib(*d rusts on Vitaceae. 

Uredo entandophragmae (himmins, s]). nov. Urediis hypujiliyllis, sub- 
epidenmialibus, pustulatis, rotundatis, 0,1-0.3 mm. diam., brunneis; uredio- 
sporae ovoideae, obovoideae vel oblon{jro-elli]isoideae, 15-21 x 25-39 (-42) [i; 
membrana 1.5 p cr. vel ad ajiiceni 2 -3 |i cr., ])allide cinnamom(*o-brunnea vel 
flavido-brunnea, moderate ecdiinulata vel ad basim fere levibus; ])oris germ, 
obseuris. 

On Enhmdophragnia sp., ITganda: Entebbe Road, December 1940, C. G. 
Hansford 2911 (type). 

There is no ])revious i-ecord of a rust on Entandophragma nor is there 
a similar Uredo known on Meliaceae. 

Uredo kigeziensis Cummins, sp. iioa\ Ui*ediis amjihigenis, sube])ider- 
malibus, sparsis vel laxe aggregates, ovalis, ellipticis vel linearis, uscpie ad 
1.5 mm. longis, longitudinaliter dehiscentibus, flavidis; iirediosfmrae late 
ellipsoideae, ellipsoideae vel obovoideae, 14-19 x 19-26 p; mendu’ana 1.5 
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cr., i)allide fiavida vel hyalina, denshiscule minuteque echinulata; poris 
germ, obscuris, verisimiliter sparsis. 

Ob Eragroniis macilenta, Uganda: Kabale, Kigezi, August 1937, C. G. 
Hansf ord 2226 ( type ). 

PuccAnia eragrosiidicola Kern and Angiopsora hiratsulrae 8yd. have pale 
urediospores of about the same size as those of Urcdo kigcziensis but tlie 
presence of paraphyses in their uredia is a distinguishing feature. Para- 
physes are not described for Pncc 'mia eragrostidis Fetch but both the uredia 
and the urediospores are small. 

Ukedo melinidis Kern, on Mclmis maiilandii, Uganda: Kawanda, June 
1940, C. G. Hansford 2727; on Melinis mAnutiflora, Sierra Leone, Njala, 
November 28, 1930, F. C. Dcighton 335, 

This species, described from Venezuela on M. minuiiflora and also re¬ 
corded for Brazil on the same host, has not been reportecl previously from 
Africa. The ty])e specimen has been available for com})arison and the 
African specimens differ in no way. 

Inasmuch as Melinis minuilflora is a native of Africa and Avas inlrodiu'cd 
into South America one might expect that the rust also originated in Afri(‘a. 
The grass occurs as a forage plant in South and Central America and the 
West Indies and the rust will probably be found to have a wider distribution 
than r(‘corded at ])resent. 

Uredo mira Cummins, sp. nov. TTrediis subepidermalibus, anipliigenis, 
sparsis, rotundatis V(‘l oA^alis, 0.1-0.4 mm. lougis, pulvendentis, eastainus, 
epidermide rupta (*onspi(‘ue, paraphysibus j)eripherales variabiJes numerosis, 
plus minusve cylindraeeis, 10-20 x 50-85 p, membrana ])a11ide fiavida vel 
fere hyaliiia, 2-3 [i cr. vel ad apicem 3-30 p; urediosporae ellipsoideae. 
obovoideae vel late ellij)soideae, 23-29 x (29-) 32-40 (-42) p; numibi'ana 
2-2.5 p er., moderate echinulata, obscure cinnamomea vel castam'a; ])oris 
germ. 3 \q\ rarins 4, aequatorialibus. 

On Maiiisnris aliissima {M. faseicniafa), Buenos Aires, Argentina, March 
1906, H. Thaxter 63 (type) (Keli(|. Farl. 759 as Puccinia leris). 

U. mira, is (diaracteriztMl l\v rather large, dark brown s])or(‘s and liighly 
variable paraf)hyses. The ])araphyses may be narrowly or broadly cylindrical 
or more or less bottle-shaped and may be straight or variously curved. Tlu‘ir 
walls may be uniform in thickness or greatly tliickimed above. 

The most nearly related species is Puccinta, cacao McAlp. (llrcdo 
rotthocllii Diet.). Urediospores of the two species are similar in size and 
pigmentation but if published descriptions are (*orrect P, cacao does not 
form paraphyses in the uredia. P. pappiana, Syd. on Manlsitrls granulavis 
has capitate paraphyses and smaller urediospores. 

Thaxter’s specimen was mentioned by Arthur (Proc. Am. Phil. Soc. 64 : 
177. 1925) under P. Icvis. Spegazzini (An. Mus. Nac. Buenos Aires 19 : 319. 
1909) reported a rust on the same host under the name Urcdo rofthocllii 
bu^ it may very well be U. mira. 

Uredo morobeana (Cummins, sp. nov. Urediis subepidermalibus, in 
maculis brunneis sparsis, plerumque hypophyllis, oblongis, 0.2-0.5 mm. 
longis, pulverulentis, brunneis, epidermide rupta conspicue; paraphysibus 
nullis; urediosporae globoideae vel late ellipsoideae, 20-27 x 25-32 p; mem- 
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braim 1.5-2 [\ er., aureo- vel pallide eiimamoiiieo-bruiinea, moderate ecliiiiu- 
lata; poris 3 vel 4, aequatorialibus. 

On Enlalia {PoUinia) fidva. New Ouinea: Morobe: Kajabit Mission 
Dee. 2, 19159, (llamens 10H/)7 (type). 

JI. moroheana is nearer to P. khmirai Hirats. & Yosh., which I have been 
able to examine throus:h the eonrtesy of Dr. Hiratsiika, than to other species 
which parasitize Eulalia or related f 2 :enera, but the urediospores of P. kimurai 
average slightly smaller and are more deeply pigmented and more closely 
eehinulate. The absence of ])arai)hyses serves to separate U, moroheana from 
most species which occur on Eulalia. 

Uredo eulaliae-fulvae Oummins, sp. nov. TTrediis ami^hiocnis, subepi- 
dermalibus, lonjjiitudinaliter tarde dehiscentibus, in maculis brunneis sparsis 
vel plus minusve striatis, oblon^is vel linearis, 0.4-1.0 mm. lonjxis, brunneis; 
jiaraphysibus brevibus, inconspicuis, obovoideis, 5-28 p latis, 215-30 p altis, 
membrana ubique Ip er., hyalina; urediosporae obovoideae vel oblonjxae, 
(17-) 19-26 (-28) A 29-38 (-42) p; membrana flavida vel aurea, 1.5 p cr. 
V(*l ad apicern 2-4p (‘r., laxiuscule echinulata; poris j^erm. obscuris, veri- 
similiter 5, acciuatorialibus. 

On Eulalia {Po(li)na) fulra. New Guinea: Morobe: Kajabit Mission, 
Oct. 3, 1939, (Ueniens 107P), Dec. 13, 1939, (Uemens s.n.; Wantoat, Jan. 13, 
1940, Clemens 10978 (type); Matap station, Mar. 8, 1940, Clemens .s.n.; 
Boana, May 15, 1940, Clemens s.n. 

Mrs. OleiiKMis’ notes indicate that the uredia are j»:olden when fresh, but 
they appear brownish when dry. Tlie spores are i)ale golden or nearly 
hyaline, are frecpiently an<»'ular, and liave an ai)ical wall which may be 
uniform or sliphtly thickened. Hyaline, thin-walled structure which collapse 
easily an'd which I assume should be interpreted as parajdiyses are present 
in the sori but are in(‘()ns|)icnous and easily overlooked. 

r. eulaliae-fulrae differs from U. moroheana and from other rusts on 
Euhfha because of the larj*e, ])ale sjau'es and the ])eciiliar paraphyses. 

Uromyces nattrassii Cummins, sj). nov. Pycniis epi])hyHis, snbepider- 
malibns, i)araf)iiysatis, «loboideis, 100-135 p diam. Aecia ])ycnia circulariter 
(‘ircumdantia, amphi^ena. vel caulicola, subepidermalia, in maculis moderate 
iiK'i’assatis iiscpn' ad 8 mm. diam., confluentibns, cinnamomea, pulverulenta, 
uredinoidibns; a(*ciosporae ^loboideae vel late ellij)soideae, 23-28 < 26-33 p; 
membrana 2.5-3 p ci-., cinnamomea vel pallide castanea, moderata dense<|ue 
verrm'osa; |)oris pei-m. 2, aecpuitorialibus. Teliis aeciis conformibus sed 
])alii(lt‘ fiavidis et (‘ompactis; teliosporae ovoideae vel obloimae, ad a])ic(‘um 
rotnndatae vel pins minusv(‘ truncatae, deorsnm atteiinatae, (16-) 18-24 
(-26) (25-) 30-40 p ; membrana 1.5-2 p cr., ad ai)icem 6-11 p, hyalina vel 

pallid(‘ fiavidnla, levi, ]>e*licello hyalino, persistenti, usque ad 90 p lonjro; 
statim <i‘ei*m. 

On Stafiee spieatum, Cyj’RUS: Famafrusta, May 1935, E. M. Natlrass 7)12 
(tyi*e). 

Uro)n!fees natinfssn' differs fi’om species described previously on related 
hosts in liavin<>‘ colorless telios])ores and uredinoid aecia. A])parently, uredia 
are not formed or, if formed, do not differ from the aeina. The aecia and telia 
occur in a more or less complete rin»r around tlie pyciiia, the telia commonly 
developin^r in the aecia. 
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Nattrass (A first list of Cyprus funjii. 1937, p. 23) reported the above col¬ 
lection, together with two other specimens (Nos. 489, 490) on the same host 
and two specimens on 8. limonimi, as IJromyccs limonii (DC.) Lev. The rust 
on 8. limmhm was probably as reported. Apparently, neither the pycnia nor 
the telia were detected on 8. spkaUnn. Nattrass published notes, made by W. 
F. Steven of the Imperial Mycological Institute, pointing out that “No. 490 
is similar in all respects, including malformation of the stems, to No. 3101, in 
Herb. Kew, on 8taiice sinuata L. from the Island of Lemnos, Creece (Exsicc. 
Mus. Hist. Pat. Vindobin 1925).” This may indicate that U. nalfrassii also 
occurs oil 8. sinuata but an examination of the specimen would be necessary 
to decide the point, since Sydow (Monogr. Fred. 2 : 42.1910) and Malen(,*on 
(Rev. Mycol. 1 : 270. 1936) report 8. shiuata under U. limonii. Malenc^on 
states that “les teleutosores sont rares” which would indicate that he saw 
telia. In referring, in the discussion following his descrijition of IJroinyees 
slatices-mucronatae, to the rust on 8. sinuata he writes (I. c., ]>. 271) “—; 
d’autre part, sur 8tatice sinuata, (!es uredosores forment de grosses pustules, 
nombreuses, generalement confluentes et deformantes, bordees par les tissus 
rougis de la plante.” 

Presumably, Nattrass’ .specimens Nos. 489 and 490 on 8. spicata will be 
found to be U. nattrassii but this, as well as the identity of the rust on 8. 
sinuata, can be decided only when the specimens have been compared with 
the above description. 

Uromyces pttstttlatus Wakef. (fig. 8), on Bauhinia fassoglnisis, Kenya : 
Kibos, Feb. 1921, T. 1). Maitland (tyi*e) ; Uganda: Kiterera, Busoga. Se])t. 
1940, C. 0. Hansford 2811. 

The teliospores of this microcyclic species were originally described (Bull. 
Misc. Inform. Kew 1922 : 163) as verrucose but are actually finely reticulate. 
It is necessary to examine the spores soon after mounliug since the outer 
portion of the wall swells and then usually appears to be verrucose. In the 
portion of the type received from Miss Wakefield the sori are on the ])ods 
while in Hansford’s specimen they occur on the leaf blades, where they 
cause slight distortion, and on the petioles ami stems. 

U. pustulatus is near to U. goyazmsis P. Henn., which has finer reticu¬ 
lations, a less pronounced apical thickening, and somewhat longer, narrower 
spores and to TJ. ftoralis Vestergr., which has about the same reticulation but 
a thinner apical wall. The only other African species with reticulate telio¬ 
spores is U. rhodesicus Wakef. It has uredia in the life cycle, as docs U. 
eonyocnsis with verrucose teliospores, and the telios[)ores are globoid oi’ 
depressed globoid and dark brown and opatjue. 

The Arthur Herbarhtm, Purdiie University Agricultural 
Experiment Station 
Lafayette, Indiana 
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A NEW SPECIES OF SPHAERALCEA FROM NEW MEXICO^ 

C. h. POKTER 

Sphaeralcea procera l^ortor, sp. iiov. IMaiita perennis, niolliter lijriiosa, 
inoana, tVre 3 iii. alta, rainis adsoeiulentibiis numerosis. Paulis ])ili fere 0.5 
min. loiijii, racliis fere 16. Lamina folionim 1-5 em. loiij^a, eoriaeea, infra 
promineiiter venosa, ruj^osa, mar<rinibus erispis, ovat()-obl()iit»a, ad basim 
euneata ad ajiieem aeuta vel obtnsa, 3 veiiis validis a base f)roveiiieiitibiis, 
})lerumque d-lobata, lobo terminali (piam lobo lateriore larjj^iore, marj^ine 
irreji'iilariter dentata. IVtioliis 5-10 mm. Jonjnis. Inflor(‘seeiitia an<>*usta, 
densa, iiiterrii])ta, tliyrsoidea, fere nscpie ad apieem foliaeea. Pedieelli ealyci 
bi’eviores. C-alyx ad faeiem dorsalem dense pubes(*ens, fere 5 mm. altus, lobis 
deltoidis tnbiim ae<piaiitibiis vel jiaiiee ^‘xeedeiitibus. PoroJJa roseo-purpurea. 
( -ar])elli fere 10, fere 3 mm. alti (‘1 2 mm. lati, fialeatiformes, erasso-retieulati. 
Dvnli 2 et semina 1 in ((iKHpie earpello, seminis marline pubeseenti. 



1 Contributions from the Doj>artment of Botany and tho Roeky Mountain ITorbarium 
of the University of AVyoming No. 195. 

oai 
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Type: C. L. Porter 3037, collected in a dry sandy arroyo about 20 miles 
north-east of Deming, Luna County, New Mexico, September 14, 1941, in 
the Rocky Mountain Herbarium, University of Wyomiuf?, Laramie, Wyo¬ 
ming. Isotypes in the herbaria of the Missouri Botanical Garden and the 
New York Botanical Garden, and in the U. S. National Herbarium. 

This species may be referred to the submenus Eusphacraicca and the sec¬ 
tion Em&ryanae. It is immediately distinj^uished from all species in the 
United States by its size and shrubby nature and from the species in its sec- 



Fid. 2. Spharralcm procera; a single carpel from the tyi>c. ^ lo. 


tion by the nature of the carpels. In leaf characters it approaches S. cmoryi 
variahilis (Cockerell) Kearney, to which it might be consider(Hl as most 
closely allied. 

Tlie s]>ceies described above was encountered uhile tin* writer was on a 
botanical collecting trip in the Southwest which was financed ])artly by a 
Grant-in-Aid from the Jr^igina Xi xMumni Research Fund, and it is a j>leasurc 
to acknowledge the assistance thus obtained. 

The IvOcky MoX'Ntain Herbarium, University of Wyoming 
LA rA]MTE, Wyoming 
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STUDIES ON PACIFIC ISLAND PLANTS—III 
NEW AND NOTEWORTHY FLOWERING PLANTS 
FROM FIJI 

A. (\ Smith 

Tlie speoios discMissed in tlie folJoAviji*^’ pa^es are either novelties, or rep¬ 
resent ran^e-e'xtejisions into Fiji, or are sufficiently nnnsnal to merit notes. 
The <»Teater ])art of the herbarinm material which is the basis of this study 
was foi'warded from the Bernice P. lUshop iMuseum in 1041, and 1 am in¬ 
debted to the authorities of that institutioji, and especially to Miss Marie 
Neal, for their cooperation. The ])lacc of dc]K)sit of (dted specimens is indi¬ 
cated by the Iblloniii^- j)arentlietical abbreviations: Arnold Arboretum (A), 
Bisho[) Museum (Jiish), Bray Herbarium ((HI). 

Two familit*s here menti(‘ne<l, Alismaceae and Trida(M‘ae, have not other¬ 
wise been recoi*ded I'rom Fiji; both are rei)resented by introdiu'ed species. 
The <i(mera Srirpo<lf'H(h'(jif and Rhanniclla, re])resent(‘d by s])ecies native to 
the ^Touj), are h(‘i*(‘ fij*st i*e])orted from Fiji, while the I'ollowinj* ’ienera are 
apparently first listed (‘rom the jiroup and are based upon records of intro¬ 
duced spe('ies: Sdgifiaiia, Sisffn'iic/nuni, Trifonia, ffcdjfclnuni, Soichifra, 
(rfftiandritpsis, Sinnanrtt, and Albizziu.^ In this treatment ten s])ecies arc 
(h'scribed as new and tno new combinations are proposed. 


TAXA('EAF. 

r)A(^i?vr)iriM LY(3)i’or)i()U)Es Bronjiu. & (tris in Bull. Soc. Bot. Ph*. 16: .‘129. 
]8()9; A. C Sill, in Bishop .Mus. Bull. 141: 11. 19:16. 

ViTi Lew : Xaitasiri: (‘(Mitral Ibaid, H miles from Suva, alt. 240 m., Mac- 
Daniels 1151 (Bish) (tree ,‘15 m. hi<»h, the trunk 120 cm. diam.; timber f^ood; 
in rain-forest). 

Previously rci'orded, in Phji, only from a siiijurle collection fi*om Vanua 
Levu. 

ALISMACEAE 

Sagittakja sAGiTTiFOiAA L. Sp. PI. 9911. 175:1. 

Vrn Levt : Xaitasiri : BeAva Delta, in Avat(M* alonj? Wainimbokasa Biver, 
MacDanicls 1020 (Bish). 

This Avidesjiread species, ])erhaps a recent introduction into Fiji, has been 
reporttal in the Pacific area only from Hawaii and Raraton^a. Our s])ecinien 
represents a broad-heaved form. 


1 Tn n rpcciit i);u)i‘r entitled ^^The ad\eiitive and weed flora of the leeward coasts of 
ill Proc. Linn. Soc. 154: 92-100. 1913, William (Inn'iiwood has listed a few species 
which are discusst‘d as new records in the present i)a])er, nhich was jirejiared before the 
cited jmblication Avas available. 

5'Xi 
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TRIUBIDACEAE 

Andruris viTiENSis (A. C. 8in.) (jieseii in Pflanzenr. 104 (IV". 18): 28. 
1938; A. Sm. in Sarj^entia 1: 5. 1942. 

ViTi Levu : Naitasiri: Koronibaniba Mt., woods near summit, alt. 550 m., 
G'illeiipi€ 2352 (Bisli). 

This species has previously been reported only from Vanua Mbalavu and 
Vanua Levu. 

GRAMTNEAE 

(determinations by Allies (3iase) 

IsciiAEMUM TiMORENSE Kuiitli, Rcv. Gram. 1: 369. ph !)8. 1830; Lauterb. 
in Bot. Jahrb. 41: 222.1908. 

ViTi Levu: Rewa: Between Navua and Suva, Greenwood 817 (GII) (in 
clumps up to 60 m. hi»h). 

This specdes has apiiarently not previously been recorded from Fiji and 
is known from the nearby groups only from Lauterbach’s mention of it in 
Samoa. 

Paspalum DisTiciiUM L. Amoeu. Acad. 5: 391. 1759, Syst. Nat. ed. 10. 2: 
855. 1759; Uecliiiifrer in Denkschr. Akad. Wiss. Wien 81: 301. 1907; Ghris- 
toph. in Bishop Mus. Bull. 128: 10. 1935. 

Vrn Levu : Lauloka.* Lautoka, Greenwood 830 (GII) (creepiiifr peren¬ 
nial, up to 30 cm. hij»:h, on dry hillsides). 

Althou{?h reported from Samoa and other Pacific j>*rou])s, this s])eeies 
appears not to have been previously listed from Fiji. 

ErA(5rostis unioix)IDES (Retz.) Nees ex Steud. PI. Glum. 1: 264. 1854. 

Vm Levu: Nandronjra : Sin^atoka, Greenwood SloA (GII) (on dry hills 
at roadside). 

A])parently this plant has not otherwise been reported Troin Fiji or any 
of the nearby firoups. Mr. Greeimood states that it was first seen in P^iji at 
Navua (V^iti Levu) in 1939, since which time it has evidently spread alon^ 
the road to Lautoka; only a few jiatches were s(*en at the cited lo(‘ality. 

CYPERACEAE 

SciRPODENDRON GiiAERi (Gaertii.) Merr. in Philij). Jour. Sci. Bot. 9: 268. 
1914. Chionanthns Ghaeri Gaertn. Fruct. 1: 190. t. 39, /. a-e. 1788. Ptp- 
vhocaryum GhaeriYi. Pfeiff. in Rep. Sp. Nov. 21: 240. 1925, 28: 20. 1930. 

ViTi Levu ; Serna: Thulanuku, near Njraloa, Degener 15103 (GII) (in 
marsh near ocean; native name: misinmi). Vanua Levu : Thakaundrove: 
Maravu, near Salt Lake, Degener rf- Ordonez 11219 (GH) (herb up to 1 m. 
hioh, in marsh in coconut plantation near sea; leaves used for thatchin^j:). 

This species has not otherwise been reported from F’iji, althoufili it is 
known from Samoa, usually haviiifj: been reported under the synonym of 
Scirpodendron cosfafuni (Thw.) Kurz; it is also recorded from Micronesia. 
We also have available a collection from the N(‘W Hebrides (Santa ('ruz 
Group:' Vanikoro: Kajewski 662 |GH], in salt-water swamp in rain-forest, 
with leaves up to 2.5 m. Ion}?). 

Pfeiffer, in the publications cited above, has referred this plant to Pigcho- 
caryum. R. Br., apparently believinj? that this } 2 :enus was validly published 
before Scirpodendron Zippel ex Kurz (1869). I am unable to find that this 
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is the ease. The name Pfychocarya (not Piychocaryufn) apparent!}^ first 
appears in WaJlieh’s (/alaloj^ne (p. 123, no. 8588. 1830) under Scleria macro- 
carpa Wall., as PIychocarya, illustr. H. Hr. (g:en. nov.).’^ The eombination 
Pfychocarya maerocarpa seems to have been first made by Stendel (Nomenel. 
od. 2. 2: 416. 1841), without eoinment. Lindley (Ve^. Kin^d. 119. 1846) lists 
PiyrJwcarya li. Hr. without deseription or referenee to an earlier descrip¬ 
tion. 

It thus apjiears that Pfychocarya was not adecpiately published before 
1869 and that it (‘annot be taken to replace ScirpodendroH. The spellinj? of 
Hrown’s name was ^‘corretded” by Post and Knntze (Lexie. 470. 1904) to 
Ptychocaryum, which was ad()])ted by Pfeiffer. The more complete synonymy 
of the species was fiiven by Pfeiffer in 1930. I am indebted to Dr. 11. W. 
Rickett for verifyinj** the above conclusions as to the proper binomial for 
this plant. 

IKIDACEAE 

SiSYRiNcniiUM MK’RANTIIUM Pav. Dissert. Hot. (6). 845. })1. 191, /. 2. 
1788. 

ViTi Levtt : Tholo North: Vicinity of Nandarivatu, in pastures, alt. 900 
m., (Jillcspic 272S (IRsh, (HI) (native name: ivn ma ndrali). 

This Ameri('an plant has become wid(*ly distributed; in the Pacific it lias 
been reported from Easter Island and New (-aledonia, and it is naturalized 
in southeastern (diina. It was doubtless a(‘eidentally introduced into Fiji. 
The ^eniis has not otherwise been reported from the ^roup, nor, as far 1 can 
as(‘ertain, has any representative of the family Iridaceae. 

Thitonia riux^osMiAEFLORA (Lem.) Ni(‘hols. Died. (lard. 4: 94, as T. cro- 
rosiniflora. 1887. MontbrvUa rroc(tsnua(flora Lem. ex Andre in Rev. Hold. 
54: 124. pi. 1882. 

ViTi Levf : Tholo .North : Nandarivatu, in open waste* plaeH*s, alt. 1000 m.. 
Parks 20GoH (Hish). 

This ceimine)!! ^ai-elen hybriel has apjiarently ese*apeel fi-om cultivation and 
sheiulel be list eel ame)n^- the aelventive plants of Fiji. It has b(*en re])e»rteel as 
naturalize'd in Hawaii by De*<>ener (PI. Haw. Nat. Park 105. pi. 2.~). 1980). 

ZINGIBERAe’EAE 

IlEDYCHirM roROxNARiT^M KeK*nif»- in Retz. Obs. Hed. 3: 73 1788; K. Schum. 
in Pflanzemr. 20 (IV. 46) : 44. 1904. 

Fiji, wuthout definite loc'Ality : (Idhspa , l.'ioi (Hish, fls. einly) (fle)we*rs 
white, fragrant, weirn in hair by dancers; native name: the vanya). 

This wielely cultivateel species is commonly feinnel in Fijian villaj»es and 
is prediably moi-e or less naturalized, but it appears ne>t to have be^en previ¬ 
ously receireleel from the greiup. 


HLMACEAK 

Celtis Harperi Horne ex Haker in Jour. Linn. Soc. Hot. 20: 871. 1888. 

Vanita Levu : iMbua : Southeu-n portiem of Seateive) Ran^e, alt. 100-850 m., 
Sfiiith JoGH ((JH) (sle‘neler tiw 4 m. hi«h, in forest) ; Thakaundreive: Natewa 
Peminsula, Uluinoala, alt. 600-820 m., Stnifh 1976 (GH) (tree 8 m. higdi, in 
dense forest). 

The only specie^s of Cell is thus far reporte*el from Fiji is C. Harperi, baseel 
on a specimen ce)llecteel by*Horne between Wai Wai and Lomaloma, Vanua 
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Levu. The orij»’inal description of this species, although brief, indicates that 
C. Ilarperi is represented by the two specimens cited above, rather than by 
the Viti Levu specimei s cited in connection with the following* species. 
Baker ^s mention of the Jeaf-blades as 3-4 inches lon»', inches broad, and 
acute seems to exclude the Viti Levu specimens, whieli have the blades smaller 
and obtuse. 

The Vanua Levu specimens here cited have the petioles 10-20 mm. Ioujj:, 
the leaf-blades 8-13.5 cm. lon<*: and 4-6 cm. broad (about 3-5by 1^-2^ 
inches), obtusely cuspidate or short-acuminate, usually caIlose-mu(*ronulate at 
apex, and conspicuously 3-nerved from the base, with 2-4 pairs of weak sec¬ 
ondaries arisinfJT from the costa. The fruitinf>‘ inflorescences are up to 7 cm. 
lonji', 2 or 3 times dichotomoiisly branched, or reduced and essentially simple; 
the drupes are ovoid, up to 12 mm. lonj*: and 8 mm. broad, and abruptly nar¬ 
rowed to the persistent stigmas. 

On the basis of many modern interpretations of C. piuiicuUiia (Endl.) 
Planch., one rni^ht take C. Ilarperi to be a synonym, but I am inclined to 
doubt that C. panicnlata has the extensive Pacific ranj^e accredited to it by 
F. Brown (in Bishop Mus. Bull. 130: 29-32.1935) and others. Tt may also be 
rpiestioned whether the j)lant mentioned as C. panicnhda by Kanehira (FI. 
Mi(*ron. 82. /. 11. 1933) and other workers on Micronesia is the same as the 
Norfolk Island plant which was the basis of Planchon’s combination {Solemn 
siignia paniculatnm p]ndl. Prodr. FI. Norfolk. 42. 1833). On the basis of the 
orijrinal description, Australian herbarium specdmens, and the interpreta¬ 
tions of students of the Australasian flora ((‘.jr., Banks and Soland. Ill. Austr. 
PI. fBot. Cook’s Voy.] 3: 90. pi. 2i)8. 1905), one observes that the leaves of 
C. panicidata have comparatively short petioles, inconspicuous lateral basal 
nerves which are sear(*ely stronger than the several upper secondaries, and 
a gradually acuminate apex. 

Celtis vitiensis A. C. Sm., sp. nov. 

Arbor ad 4 m. alta (vel ultra?) sub fruetu ubiqiie glabra, ramulis 
gracilibus subteretibus cinereis eopiose lenticellatis; stipulis sub(*oria(*eis 
acutis 2-4 mm. longis demum caducis; petiolis gracilibus leviter canaliculatis 
4-10 mm. longis; laminis chartaceis in sicco fusco-olivaceis utriiupie pai)il- 
lato-rugulosis, ellipticis vel ovato-ellipticis, (3-) 4-9 cm. longis, (1.5~) 2-4 
(-4.5) cm. latis, basi obtusis et in petiolum saepe inaecpiilateraliter decuir- 
rentibus, a])ice late obtusis vel subrotundatis et saepe inconspicue emargina- 
tis, margine integris et leviter recurvatis, e basi trinerviis, costa supra ])aullo 
elevata subtus prominente, nervis primaries 2 supra medium laminae anni- 
atim produc.tis exterius venas paucas incons])icuas emitteiitibus, nervis 
secundariis utrinsecus 2 vel 3 inconspicuis plerumqiie utrinque jn’orninulis, 
rete venularum iminerso vel interdum subtus prominulo; cymis fructiferis 
1-2 cm. longis ])auciramosis, pedicellis 1-3 mm. longis; drupis elongato- 
ovoideis, maturitate 8-9 mm. longis et 5-6 mm. latis, inconspicue 2-angulatis, 
basi obtusis vel rotundatis, apicem versus abrupte angustatis, stigma!ibus 
eonspique bilobatis complanatis subpersisteiitibus. 

Viti Levu: Tholo North: Vicinity of Nandarivatu, alt. 750 m., Dcgever 
14322 (A— type), Feb. 9, 1941 (tree 4 m. high, on forested stream-bank; 
fruit blue-black, succulent) ; Nandrau, alt. about 600 m., Degcner 14897 (A) 
(in forest) ; trail around escarpment behind Government StatioA, Nandari¬ 
vatu, alt. 800 m., Gillespie 4185 (Bish, 6H). 
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Similarly a member of the Subfreniis Sole nos tig ma (Eiidl.) Planch., C. 
viticnsis differs from C. Haryeri Horne, doubtless its closest ally, in its 
shorter petioles, smaller leaf-blades with paf)illate-ru^’u]ose surfaces and 
obtuse or nearly rounded ajhces, and smaller dru])es. The cited specimens 
were orijrinally distributed to various herbaria under the name of C. 
Harperi. Def»en(*r re])orts the native names of marasa and niafho for his nos. 
14322 and respectively, but these names usually refer to species of 

Sapindaceae and Laura<‘eae. 

PKOTKACEAK 

KeRxMA1)E(4a feuruoinea a. i \ Sm. in Bishop Mus. Bull. 141: 48 198(>. 

Tayettni: Trail above Soinosomo, alt. 1000 m., (hUespie iHi2 (A, Bish) 
(on (»xj)ose(i summit rid^e; native name: haii inbuilt). Witiiottt definite 
LO(’ALiTV: I “other side of (hilt spiv 3201 (A, Bish) (native name: 

fliirva). 

Of the above-cited collections, the first was obtaiinul near the ty})e lo¬ 
cality, and it is (piite jirobable that (lillespie’s crypti(* locality for lus no. 
320] refers to Waiyevo, one of his other stations on Taveuni. Each of the 
cited (‘oll(*(*tions is a('(M)mpanied by a (h*ta(*hed fruit and has leaves larger and 
older than those oi-i^inally described, making* desirable the followin**' amplifi¬ 
cation ol* the description: 

P(‘tioles up to () 5 (‘in. lon<»'; h^at-blades up to 17 cm. Ion*:’ and 12.5 ('in. 
bi’oad, sub(‘ordate to ine(piilat(‘rally subacut(‘ at bas(‘, often lu^arly rounded 
at ap(^\, lijihtly undulate and (‘ssentially entire at margins, persistcmtly 
fei-ru^inoiis-toiiKMitose on tin* main nerv<‘s above or j>labres(‘(*nt, at lenjrth 
nearly jilabrc^si'cnt beneath, the principal s(‘(‘ondary nerves often 4 or 5 
pairs; ]*a(‘emc up to fl ('in. lonji* in fruit; fruit coriaci'ous wlnm dried, ellipsoid 
or ovoid, slightly flattened, at maturity u]> to 28 mm lon^, 20 mm. bi'oad, 
and 14 mm. thi('k, rounded at base, subacute and ])e]'haps mucronulate at 
ajiex, tin* [>eri(‘ai-]> jirobably (‘arnose when fresh, bhu'kish when dried. 

PORTFLACAC’EAE 

Taunt^m FANMC’rLATFM (da(‘<i.) iJaertu. Fruct. 2: 219. p/. 12S. 1791 ; v. 
Poellii. in Kei>. Sp. Nov. 35: 10. 1984. 

OvALAT^: Aloiiji coastal road north of Levnka, near sea, iiiUcsjiii' 1103 
(Bish, (JH). 

This widespj'cad wec'd has already been re])orted from Fiji, under the 
synonym T. patens (L.) Willd., by Seemanu (FI. Vit. 10. 1865). It is thus 
far recorded, in Fiji, only from Ovalau, but apparimtly it is common in the 
Society Islands. A native of trojiical Aimudca, the species is now widely 
naturalized in (8iina. 

deueneriaceae 

Deoeneria vitiensis 1. W. Bailev & A. C. Sm. in dour. Arnold Arb. 23: 
857. pi. /- 5. 1942. 

ViTi Levu : Naitasiri: Naiiduna, alt. about 90 m., 7>. E. Parham 1 (A) 

(tree about 18 m. hijih, in forest; native name: masirafu : timber useful). 

The recently (ies('ribe(l monoty])ic De^’eneria(‘ea(‘ lias jireviously been 
known only from colle(‘tions in Tholo North, Viti Levu, and Mbua, Vanua 
Lfwu. The third collection, cited above, comes from the southeastern iiortion 
of Viti L(wu; its foliage precisely matches that of the type and it is ac- 
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companied by an old fruit which offers no cdiaracters not broujyht out in the 
orif^inal description. Mr. Parham states that the species is fairly fre(juent in 
the cited region. 

ANNONACEAE 

Polyalthia angustifolia A. C. Sm., sp. nov. 

Arbor sub fructu ui)ique glabra; ramulis gracilibus subteretibus rugiilo- 
sis iiiconspicue lenticellatis; petiolis canaliculatis 6-10 mm. longis superne 
anguste alatis; laminis subcoriaceis in sicco fuscis oblongo-lanceolatis, (6-) 
12-17.5 cm. longis, (2.5-) 3-4 cm. latis, basi subacutis et in petiolum in- 
conspicue decurrentibus, apice obtusis vel breviter et obtuse cus])idatis, 
margine iiitegris et leviter recurvatis, costa supra valde imj)ressa subtus 
prorninentc, nervis secnindariis utrinsecus 7-12 brevibus arcuatis anastonio- 
santibus supra sub])lanis subtus promiuulis. rote vemilarum inimerso vel 
subtus paullo j)rominulo; infructescentiis ut videtur breviter pcdiccllatis, 
pedicello sub fructu crasso tereti ruguloso 2 cm. vel ultra longo, lobis caly(*is 
persistentibus 3 subcoriaceis late deltoideis ad 2 mm. longis obtusis; re- 
ceptaculo subgloboso sub fructu ad 7 mm. diametro; carpellis maturis ut 
videtur circiter 12 breviter stipitatis (stipitibus crassis ad 2 mm. longis) 
obovoideo-ellipsoidcis, 15-22 mm. longis, 12-15 mm. latis, apic*,e rotundatis, 
pericarpio coriaceo tenui iiiconspicue ruguloso; seminibiis 1 vel 2 adscenden- 
tibus obovoideis vel subglobosis, ad 14 mm. longis et 11 mm. latis, interdum 
subcomplanatis et leviter carinatis. 

ViTi Levu : Naitasiri; Tamaviia woods, 7 miles From Suva, alt. 150 m., 
Gillespie 2198 (A— type, Bish, GH), Aug. 9, 1927. 

PolyaHhia anyiisfifolia is readily distinguished From the other Fijian 
species of the genus by its long narroAv leaf-blades with subacute basi‘s. The 
carpels, with one or two erect seeds, indicate the probable place of the new 
species in PolyaHhia^ but this position should be verified by the ('olleclioii oF 
flowers. 

Xylopia pacifica A. V. Sm., s}). nov. 

Arbor ubupie practer inflorescentiam demum subglabra vel ramulis 
apicem versus et petiolis cinereo-pubcrula; ramulis gracilibus teretibus 
cinereis copiose lenticellatis; jietiolis rugulosis canaliculatis 2-6 mm. longis, 
superne basi laminae decurrente alatis; laminis subcoriaceis siccitate fuscis 
ovatis A^el ellijiticis, 4.5-11 cm. longis, 2.5-5 cm. latis, basi obtusis et in 
petiolum abrupte decurrentibus, apice cuspidal is vel acuininatis (ai'umine 
ipso ad 8 mm. longo obtuso), margine integris, subtus pilis ad 0.5 mm. 
longis cinereo-hirtellis demum glabrescentibus, sujira costa interdum brevi¬ 
ter pilosa excepta glabris, costa conspicua utrinque prominente, nervis 
secondariis utrinsecus 7-18 cum aliis dcbilioribiis interspersis fiatentibus 
utriiKpie valde prominulis marginem versus anastomosantibus, rete venu- 
larum copiosarum intricate utrinque prominulo; infiorescentiis axillaribus 
vel e ramulis infra folia orientibus brevibus 1- vel 2-floris, rhachi pedicel- 
lis(}ue primo dense sericeo-puberulis, rhachi 2-3 mm. longa, bracteis mox 
caducis; pedicellis crassis 2.5-3 mm. longis basim versus 1 mm. superne ad 2 
mm. diametro; calyce ut pedicello puberulo coriaceo late cupuliformi, sub 
anthesi 3-4 mm. longo et circiter 6 mm. diametro, intus glabro, sej)alis 3 
late ovato-deltoideis, circiter 2 mm. longis, 4-5 mm. latis, apic/C obtusis vel 
rotundatis; corolla cylindrico-urceolata iiiconspicue hexagona, basi dilatata. 
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immatura acl 9 nnn. l()iij>:a, petalis 6 carnosis valvatis biseriatis, extorioribiis 3 
lanceolatis basim versus eireiter 5 niin. latis, extus dense pallido-serieeis, 
intus eopiose pallid()-])uberulis, interioribus 3 brevioribus dense pnberulis e 
basi inerassata eireiter 2.5 mm. lata subulatis; loro subeonieo eireiter 1 mm. 
alto externe slaminit'ero medio profiinde exeavato apiee irrejiulari; stamini- 
bus eireiter 200 arete imbrieatis 1.3-1.5 mm. lon<>:is, filaineutis li<»'ulatis 0.2- 
0.5 mm. lonjris, eonneetivo in appendieulam miiuitam eomplanatam obseure 
pa])illosam f)rodu(‘to, loeulis linearibus obseure septatis; pistillis eireiter 5 
eavitate tori iiielusis oblon^o-ellipsoideis, stylo brevi ineluso eireiter 1.4 mm. 
]oii<>is, pilis 0.3-0.5 mm. lonj»is ai>iee exeepto eopiose pallido-serieeis, ovulis 
lit videtur eireiter 12 oblicpie superpositis; pedieellis sub fruetu erassis 
teretilius rimosis ad 15 mm. lon<ris, reee])taeulo demum valde iiierassato; 
earpellis maturis 2-4 inaecpiilateraliter ellipsoideis A^el obovoideo-ellif)S()ideis, 
25-32 mm. louj*is (stipite (u-asso (‘iiviter 4 mm. loii^o et 4-6 mm. (liametro 
exeejito), 16 21 mm. latis et erassis, ineousjiieue loii^itudinaliter earinatis, 
a]>iee rotuiidatis, ])eri(*arpio bbroso-lifrnoso 1-1.5 mm. erasso ineons])ieue 
papilloso-riijiuloso v(4 subl(‘vi, ])rimo nij»-reseeute demum einereo-variejrato, 
Seminibus 8-12 (vel in friudibus minoribns 3 vel 4), eis basim et apieem 
versus ])arvis, eis nu'dium versus inacMiuilateraliter obovoideo-elli])soideis 
eonspieue eom})lanatis, (*ir(*iler 16 mm. lon^is et 10 mm. latis, -4 5 mm. 
erassis, basi et apiee obtusis, 

ViTi Levtt; Tholo North : Nandarivatu, alt. 900 m., Gillrsjiie llf)3 (A, 
Bish, GH), /57.7 (Bish) ; Bewa : Lami, alt. 100 m., Parks 20313 (Bish) (tree 
6 m. hijili; Iruidv 8 (uii. diam.; in tlii(4v forest) ; Naitasiri: Tholo-i-Suva, alt. 
about 180 m., />. E. Parham 2(0)1 (A- tyim:), Jan. 16, 1939 (tree 8 m. lii^b, 
in foi'est), Nasinu, 9-10 miles from Suva, alt. 150 m., GUlvspiv 3iH3 (A, 
Bish, GH), .V67.7 (A, Bish, GH) (in Avoods west of road), 3663 (A, Bish, 
GH) (lar^(‘ tre(‘; trunk 20 (*m diam.; fruit dark ^reen). 

A^jflopta parijica. Die third speeies of the ^’enus known from Fiji, in 
ve^^elative (Jiaracders stron^ily su<><»*(‘sts the two already known, dilferinp* 
from them in its imu'h shorter petioles, its leaf-blades Avith more obviously 
de(*urrent bases and somewhat less prominent Agnation, and its differcuit 
torus, Avhi(‘h is irregular* at the distal margin and forms a deei)er earpellary 
eavity. The stamens of the neAv speeies are very numerous, beinjr larjzer 
than those of .Y. niicasis A. G. Sm. and smaller than those of X. Drpvni ri 
A. Sm. 

Of the ('ited specimens, only tlie type bears flowers, and this eolleetion is 
ae(‘ompanied by a sinj^le detai'hed mature earpel. The remaining s])eeimens 
are in fruit. The ty])e and Gilhspic 3133 are identieal in foliage, differinji’ 
from the remainin**’ sjieeimens in bavinjx leaves Avith longer aeumens and 
sli<»htly less obvious venation. There is also eonsiderable variation in the 
fruits of the eited speeimens. Those deseribed aboA^ are of the most mature 
carpels, as found on the ty])e and (hlirspic 3183. The rcunainin^- sjieeimens 
have earp(‘ls only 13-18 by 10-16 mm. A\ith eomparatiA'ely slender stipes 
about 2 mm. tliic'k; the pericarp of these car|)els is 0.7-1 mm. thick, and the 
S(Mnls are 3 or 4 in number and only 6-10 mm. Ion**- and broad. The difference 
in number of seeds does not seem conseciuential, as carpels associated Avith 
Gillespie 3183 may liave as few as 4 or as many as 10 seeds. TavcIvc seeds 
AA’ere obseiwed only in the single fruitinji: carpel of the Parham specimen. 
The differences here pointed out amon<r the available specimens seem no 
more than individual, aiuTI confidently refer the material to a single species. 
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MYRISTICACEAE 


Myristica macrantha a. C. Sm. in Bishop Mns. Bull. 141: 67. /. 33. 
1936, in Bull. Torrey Bot. Club 68 : 399. 1941. 

ViTi Levtt : Naitasiri: Mt. Korombamba, alt. 300-400 m., in dense forest 
on Tipper slopes, Parks 20123 (Bish). 


This species has previously been known only from two collections from 
Vann a Levu. 


crtjciferae 


Senebiera didyma (L.) Pers. Syn. PI. 2: 185. 1806. 

ViTi Levu: Tholo North : Nandarivatu, alt. about 800 m., Grecmvood 880 
(GH) (serniprostrate in waste places). 

Althoufrh this widespread weed has been reported from other Pacific 
groups, including Tonga, 1 believe that it has not otherwise been recorded 
from Fiji. 

CAPPARIDACEAK 


Gynandbopsis speciosa (H. J^. K.) DC. Prodr. 1: 238. 1824. 

Fiji, without definite locality: (UUcspic 2821 (Bish, GH) (flowers 
dull rose-junk). 


This tropical American plant, although now known in many parts of the 
Old AVorld tropics as a weed, has ap])arently not been re})orted from Fiji 
or the adjacent regions. The genus is also new to Fiji. 


LEGUMINOSAE 

Samanea Saman (Jacq.) Merr. in Jour. Wash. Acad. Sci. 6: 47. 1916. 

ViTi Levu: Tholo North: Vicinity of Nandarivatu, alt. 700 m., Gillrspic 
d378 (Bish). 

The widely cultivated rain-tree, a native of northern South America, has 
been reported from several Pacific groups, but as i‘ar as 1 know it has 
previously escaped notice in the literature pertaining to F’iji. 

Albizzia Lebbeck (Ij.) Benth. in Hook. Loud. Jour. Bot. 3: 87. 1844. 

ViTi Levu : Kewa: Along the coast between Suva and Land, Gillespie 
(A, Bish). 

This widely cultivated plant has not been previously ref)orted from 
Fiji, although records of it from many other Pacific grou])s are found in 
literature. It is probably a native of the drier parts of Africa and Asia. The 
genus has not otherwise been recorded from F’iji. 

Acacia Farnesiana (L.) Willd. Sp. PI. 4: 1083. 1805. 

ViTi LevU: Ra : Ellington, on strand. Parks 20856 (Bish) (tree 4 m. 
high). 

This species, well established in most tropical countries and ])robably a 
native.of America, has not previously been fej)orted from Fiji in taxonomic 
literature. Its occurrence has been noted in most of the major Pacific grou])s. 

Mimosa invisa Mart, in Flora 20 : Beibl. 121.1837. 

Schrankia distachya ‘Wei aff.’’ sensu A. C. Sm. in Sargentia J: 36. 1942; 
non DC. 
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Mr. William Greenwood ealls my attention to the fact that the sterile 
specimen {Greenwood 8d8) which I referred tentatively to Schrankia dis- 
tachya in 1942 actually represents Mhnosa invisa. This latter specdes has 
been reported from Fiji by Mr. B. E. V. Parham in the Agricultural Journal 
of the l)ej)artment of Af^ricultnre, Fiji, in a rec'ent number which is not yet 
available to me. Apparently seeds of this weed were accidentally introduced 
into Fiji from Malaysia, where the Brazilian plant has been established for 
some time; it has not been reported otherwise from the Pacific. Mr. Parham 
reports it from Sin^atoka and Tailevu on Viti Levu. The ^enus Sehrankia 
is therefore not known from Fiji. 

Batthinia monandka Kurz in Jour. As. Soc. Ben^. 42(2) : 72. 1873. 

Fiji, without definite locality : Gillespie 4399 (A, Bish). 

Althoii**!! reported from various other Pacific rejiions, this species, proba¬ 
bly a native of trof)ical America, is af)parently here listed from Fiji for 
the first time. 

Pueraria Thunbergiana (Sieb. &Zucc.) Benth. in Jour. Linn. Soc. Bot. 
9: 122. 1867; A. C. Sm. in Sarj^entia 1: 39. 1942. Fachyrhizus trilobiis 
sensu Seem. FI. Vit. 63. 1865; Horne, A Year in Fiji 265. 1881; Guppy, Obs. 
Nat. Pa(‘. 2: 412, 413. 1906; Gibbs in Jour. Linn. Soc. 39: 209. 1909; non D(\ 
Paehyrhizns anijiilnins sensu Horne, A Year in Fiji 86. 1881; non Rich. 

Tavettni: Gillespie 4702 (Bish) ; vicinity of Waiyevo, alt. 100 m., Gilles¬ 
pie 4702 (A, Bish) (fis. violet). Without definite locality: Seemann 114 
(UB.). Horne 463 (GH). 

1 am indebted to Mr. William Greenwood, of Lautoka, for pointing out 
to me that Seemann had misidentified his |)lant (no. Ill) and had been 
followed ill this determination by Horne, Gui)py, and Gibbs. The cited notes 
of these writers j*efer to Pnerana Thunbergiana, as does the well known 
Fijian name yaka. This s|)t*('ies was doubtless an early introduction into Fiji 
and may still be used as an emer<rency food plant. 

The <>enus Paehyrhizns should therefore be excludt*d from lists of the 
Fijian floi-a. For notes on the identity of Paehyrhizns trilobns (Lour.) DC. 

Pueraria Thotnsoni Benth. |, see Merrill (Comm. Lour. F’l. Cochinch. 211. 
1935) and Rehder (in Jour. Arnold Arb. 18: 209. 1937). It is probable that 
certain otlnn* reference's to the occurrence of Paehyrhiins in the Pacific area 
will also be found to pertain to Pueraria Thunbergiana. 

MELIACEAIC 

Aglaia Parksii A. C. Sm., sp. nov. 

Arbor ad 5 in. alta, ramulis teretibus a])icein versus ad 7 mm. crassis 
juventute densissime ferrugineo-tonientosis (pilis stellatis inultirainulosis, 
ramulis nonnullis ad 1 mm. longis reliepiis brevioribus (hnnum descitis, ])elta 
persistente et nt videtur inultiedliata) ; foliis pinnatis ad 70 cm. longis, 
jietiolis 14-18 em. longis basi valde incrassatis et rhachi subteretibus ut 
ramulis dense tomeiitosis; foliolis 9 oppositis \q\ subo])positis, petiolulis 
tomentosis, lateralibus 6-13 mm. longis, laminis jiapyraceo-chartaceis ob- 
longis (vel inferioribus subellipticis), 10-25 cm. longis, 5.5-8 cm. latis, basi 
anguste vel late I'otundatis et subcordatis interdum inaeepialibus, apice ob- 
tusis, margine integris et iindulato-recurvatis, sn])ra glabris vel costa parce 
tomentosis, obscure' inpires'so-glaiidulosis, subtus costa pilis ut eis ramulorum 



542 


BULLETIN OP THE TORREY CLUB 


[VoL. 70 


tomentosis cetorum j»labris, costa supra leviter carialiculata vel siibplaua 
subtus prorniiioiite, nervis secundariis iitrinsecMis r2“19 (-25) patentibus 
mar^iueni versus anastomosantibus supra subiilanis subtus leviter elevatis, 
rete veiiiiJarum utrincpie subplaiio vel sii])ra iusculpto subtus leviter 
proniiiiiilo; infloreseentiis axillaribus raeemosis vel forsan auguste panicu- 
latis post anthesin 3-4.5 cm. longis paucifloris ubiipie dense stellato-tomen- 
tellis, peduneiilo brevi vel subnullo et rhaelii graculibus, braeteis rninutis 
inox deeiduis; pedieellis 1.5-3 mm. longis sub ealyee obscure articulatis; 
ealyee cupulitbrmi paullo post anthesin eireiter 2 mm. longo et 3 mm. summo 
diametro, lobis deltoideis, 0.5-0.7 mm. longis, eireiter 1 mm. latis, acutis, 
intus glabris; j)etalis staminibusque non visis; ovario subgJoboso dense et 
minute tomentello; fruetibus immaturis ellipsoideis persisteiiter tomentellis. 

ViTi IjEVU : Naitasiri: Tholo-i-Suva, alt. 200 m., Parks 20076 (A—fragin., 
Bish— type). May 24, 1927 (tree 5 m. high, the trunk 6 cm. diam.; in tliick 
bush in a wet canyon). 

Although the stamens of this species are not available, it may safely be 
referred to the Section Ilcarnia. because of its obvious affinity to A. Arch- 
holdiana A. C. Sm., doubtless its closest ally. Aglaia Parksii differs from 
this, however, in its more numerous and more definitely oblong leaflets, of 
which the base is usually subcordate and the apex obtuse. Tlie new s]iccies 
has a sparser and shorter tomentum throughout, and this is lacking from 
the lower surface of leaflet-blades, whereas in A. Archholdiana the blades 
are persistently tomentose beneath. The inflorescence of tlie new s])ecies is 
comparatively reduced and the calyx-lobes are much smaliei’. Another rela¬ 
tive of A, Parksii is the common A. vitiensis A. C. Sm., which differs in its 
lepidote rather than tomentose indument, its differently shaped leaflets, its 
ample paniculate inflorescence, etc. 

1IIPPOCRATEACEAE 

Salacia paciiycarpa a. C. Hin. in Sargentia 1: 53. 1942. 

ViTi Levu : Kewa: Near (juarry west of Lami village, alt. 15 m., Gillespie 
4581 (A, Bish) (bush, on limestone rocks; fruit green). 

This is the second collection of the species, tlie type having come from 
northeastern Viti Levu. Like the type, the (liilespie specimen is in fruit. 

SAPINDACEAE 

Allopiiylus sublaxub Gillespie in Bishop Mus. Bull. 83: Ifi. f. 18. 1931. 

Viti Levu : Tholo North : Nauwanga, near Nandarivatu, alt. about 750 m., 
Begener 11530 (A) (tree, in dense forest). Taveuni: Vicinity of Waiyevo, 
alt. 200-650 m., Gillespie 4731, 4789 (Bish, GH) (on bank of stream or in 
stream-bed in woods above coconut plantations). 

The cited specimens should be added to those originally listed by Gillespie 
from Viti Levu and Ovalau. In the specimens available to me the leaflet-apex 
varies from obtuse to short-acuminate, but in essential details there are no 
differepces. All eight stamens appear to be fertile in the flowers I have 
examined, Gillespie’s mention of “fertile anthers apparently 2” and his 
illustration having been based on an injured flower. The species is closely 
allied to A. iernafus (J. K. & G. Forst.) Radik., being distinguished pri¬ 
marily by its compound inflorescences. The occurrence of A. ternaius east 
of the New Hebrides and New Caledonia is dubious. 
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Allophylns suhlaxus differs from ritiensis Kadlk. (recorded only from 
the type collection, Hornie 4(ii |GH], withoiii definite locality) not only in 
the foliajze character mentioned by Gillesjiie, but also in havinjj: its petals 
obovate and jiradnally narrowed toward the base rather than spatulate and 
with an obviously li^^ulatc basal imrtion. 

Allophylus umbrinus A. C. Sm., sp. iiov. 

Arbor parva, rarnnlis ^raidlibus teretibns jnventute ])ilis 0.3-1 mm. lonfifis 
dense tomentosis demnm ^labratis cinereis; folds trifoliolatis, petiolo nt 
ramulis densissime tomentoso 6-9 cm. lon<ro, peliolulis tomentosis Jateralibns 
1-4 mm. terminali ad 10 mm. loiifris, foliolorum laminis pajiyraceis in sie(*o 
olivaeeis oblonjioelliptieis (lateralibns inaecpiilateralibns), 11-14 cm. lon<»is, 
5-7.5 (*m. latis, basi aciitis V(‘l obtusis, a])ice obtuse cuspidatis et niucronn- 
latis, niarj’ine remote mncronulato-serralis, ntriiKpie praecdpiie snbtiis innwis 
densissime velutinis (pilis circiter 0.8 mm. lonjiis) supra ])ra(‘ter nervos 
demnm snb^labratis, costa subtns jmmiinente, nervis sceiindariis ntrinsccus 
8-10 rectis ere(‘to-])atentibus sii])ra i>aullo snbtns valde prom in ul is, rete 
venniariim iitrimpie leviter iirominnlo; inflorescentiis panicniatis ad 9 cm. 
lonjiis, rhaclii ct ramulis ])au(‘is ad 6 cm. lon^is breviter tomentosis, cincinnis 
subsessilibiis sub anthesi plerunKjue unifloris, bract(‘is lanccolatis circiter 1 
mm. lonjris dorso breviter liispidis, pedicellis j»racilibus ^l^ibris sub anthesi 
(dndter 1.5 mm. lonyis; scpalis 4 mernbranaceis late rotundatis, 1-1.3 mm. 
lon^is, interioribus circit(‘r 2 mm. lon^is, exterioribus minoribus, mar^nne 
obscure (dliolato cxccpto ^labris; ])etalis 4 mernbranaceis obovatis, 1-1.2 mm. 
lonjiis et latis, ijifra medium j»radatim an<>ustatis, undulato-mar^inatis et 
ai)i(‘C leviter emar^inatis, su|)ra un’incm marjiine incurvatis et ])ilis circiter 
0.3 mm. loufi’is conspicue hirsutis; disci ^landulis subcarnosis scmiorbiculari- 
bus (‘indter 0.4 mm. diametro parce ])ilosis: staminibus 8, hlamentis ffliformi- 
bus circit('r 1.5 mm. lon<:is villosis, antlieris sub^loboso-oblonji’is cindter 0.4 
mm. lonjiis; ])istilli rudimento villoso. 

ViTj Levt^: Tholo North : Nandarivatu, alt. 1000 m., Gillrspic 4160 (A— 
TYPE, Bisli), Dec. 3. 1927 (small tree, in dark Avoods on stream above swim- 
minjz’ i)()()I; native name: si fa). 

AHophylas ainhnnas is A^ery clos(dy allied to A. sablaj'us Gillespie, its 
ffoAvers differin<»- only in the villose rather than {glabrous filaments. HoAveA^er, 
the n(‘Av species is readily distinjruishcd by the (*onspicuous soft ])ubescence 
of its bran(dd(‘ts, ))etioles, leaflet-blades, and inflorescence branches. In A. 
suhla.n{s these jiarts are ^labi-ous, or at least subjzlabrate and never more 
than incons[)icuously puberulcnt. 

AiJjOPIiylus timokensis (DG.) B1. Uumphia 3: 130. 1847; Kadlk. in 
Pflanzenr. 98b (IV. 165) : 587. 1932. 

IvAMBARA: Limestone formation, alt. 0-100 m. Sinifh 12H7 (Bish, GII) 
(slender shrub 2 m. hijih, in thickets; fruit red; iiatiA^e name: sendamu). 
FriJVNGA: Limestone formation, alt. 0 -80 m., Snnfh llil (Bish, GH) (ti’ee 
8 m. hij»h, in forest; ])etals and stamens Avhite), 116L (Bish, GII) (shrub 2 m. 
hif»*h, ill thickets; si aniens Avhite). 

Althouji'h this wides]>rcad and common species lias been extensively re¬ 
ported from the adjacent f»Tou})s, such as the New Hebrides and Samoa, it 
has apparently escajied jireA ions notice in Fiji. 
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RHAMNACEAE 

Rhamnella Miq. Ann. Mus. Bot. Lngcl.-Bat. 3: 30.1867. 

Dallachya F. v. Mnell. Fragm. Phyt. Austral. 9: 140. 1875; syn. nov. 

Because the genus Rhamnella has not previously been reported east of 
continental Asia, Japan, and Hainan, the reduction of Dallachya to its 
synonymy is x)roposed only after careful consideration of generic lines in 
the Tribe Zizypheae. Dallachya, a montoypic genus based on Rhamnus 
vitiensis Benth., was originally placed in the vicinity of Ventilago Gaertn. 
and Smythca Seem., but the fruit immediately excludes it from the Tribe 
Ventilagineae. Weberbauer (in E. & P. Nat. Pfl. 3(5): 407. 1895) mentions 
Dallachya as a genus of uncertain position, probably belonging in the Tribe 
Zizypheae. In the characters of its flowers and fruits, Dallachya vitiensis 
seems to be practically indistinguishable, even in the smallest details, from 
several species of Rhanmella as interpreted by C. Schneider (in Sargent, PI. 
Wils. 2: 222-226. 1914). 

The Australian-Pacific s])ecies is a])pareutly closest to R. ruhriaerris 
(Levi.) liehder [R. hainanensis Merr.], from which it differs in its glabrous 
habit, details of its leaf-margin and venation, and its strictly fasciculate 
flowers and fruits. 

Rhamnella vitiensis (Benth.) A. C. Sm., comb. nov. Colnhrina vitiensis 
Seem. Mission to Viti 434, nomen. 1862. Rhamnus vitiensis Benth. FI. 
Austral. 1: 413. 1863; Seem. FI. Vit. 42. 1865; Warb. in Bot. Jahrb. 13: 368. 
1891; Burkill in Jour. Linn. Soc. Bot. 35: 32. 1901. Bcrcheniia Fournicri 
Panch. & Seb. in Seb. Not. Bois Nouv. Cal. 236. 1874; Ouillaumin in Ann. 
Mus. Col. Marseille IT. 9: 120. 1911; Schinz & Guillaumin in Sarasin & Koux, 
Nova Cal. Bot. 1: 174. 1920; Guillaumin in Jour. Arnold Arb. 12: 238. 1931; 
Daniker in Vierteljahres. Nat. Ges. Zurich 78: Beibl. 19: 251. 1933. Dal¬ 
lachya vitiensis F. v. Muell. Fragm. Phvt. Austral. 9: 140. 1875; Weberb. 
in E. & P. Nat. Pfl. 3(5): 407. 1895; Lauterb. & K. Schum. FI. Deutsch. 
Sehutzgeb. Sudsee 426. 1901; Lauterb. in Bot. Jahrb. 57: 3.30. 1922. 
Berchemia crenulata Panch. ex Guilbiumin in Ann. Mus. Col. Marseille 11. 
9: 120, nomen. 1911. 

From the specific epithet, one would luiturally expect this spe(‘i<*s to be 
typified by a Fijian collection, but this is not the case. Seemann’s mention 
of Colubrina vitiensis refers to his no. 85, but there is no descri])tion and 
therefore the name has no standing. The same collection liad already been 
mentioned by Gray (in Proc. Am. Acad. 5: 316. 1862, in Bonplandia 10: 
35. 1862) as a probably new species of Rhamnaceae, but without definite 
mention of a genus. Tlierefore Bentham’s description in 1863 must be taken 
as the basis of the binomial. This tlescription aj)pears to have been based 
entirely on a MacGillivray collection from Cajie York, Queensland. Bentham 
cites (Jolnhrina vitiensis Seem, as a synonym and remarks: ‘‘Apparently the 
same species was gathered in the Fiji Islands by Seemann, and his speinmens 
have young fruifs, of an obovoid-oblong shape, which, as far as they go, agree 
with those of Rhamnns.^^ 

Fortunately Bentham appears to have been correct in his belief that the 
Australian and Fijian plants are conspecific; at least, on the basis of the 
collections now available, I cannot distinguish the Pacific from the Austra¬ 
lian material. The sjiecies has been reported from Queensland, New Guinea, 
New Caledonia, the Loyalty Islands, the New Hebrides, Fiji, and Tonga. 
I have seen the following Fijian specimens: 
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ViTi Levit : Laiitoka: North of Lomoloino, alt. 90 ni., Degener & Ordonez 
:13713 (A) (tree 3 m. hi^h, in dry forest). Kandavtt: Hills above Namalata 
and N^aloa Bays, alt. 200-400 in., Smith 123 (Bish, GH) (scandent shrub, in 
forest; anthers yellowish). Fulanga : Limestone formation, alt. 0-80 m.. 
Smith J113 (Bish, GH) (<»narled tree 3 m. hijrh, on cliffs; flowers pale 
yellow; native name: taka). Without definite locality: Secmann 85 
(source of the name Calubrina vitieasis Seem., GH). Mr. William Greenw’ood 
informs me that he has collected this species at Lautoka and also at Lambasa, 
Mathuata, Vaniia Leva. 

My conclusions as to the specifi(*. identity of plants from various Pacific 
and Australian regions are based u])on examination of the following? collec¬ 
tions : 

Queensi^nd: Rockingham liay, Dallachy (GH) ; Palm Island, Bancroft 
(A); Daintree River, alt. 10 m., Kajewski liOl (A), J464 (A) (common 
vines on rain-forest trees; fruit black when ri{)e, up to 9 by 7 mm.). New 
(^ALEDON iA: Balansa 953 (A) ; Le Rat 66 (A). New Hebrides: Aneityum: 
Aneljrauhat Bay, alt. 30 m., Kajewski 738 (A). 

CoLUBRiNA PAiHTANA McjT. & PeiTy ill Jour. Arnold Arb. 22: 264. 1941. 

ViTi Levit : Tholo North : Nandarivatu, alt. about 900 m.. Greenwood 856 
(A) (tre(* about 13 m. hi*>:h; trunk 45 cm. diam.; young* fruits yellow) ; 
IMiolo East: Taulevu-Vunindawa track, alt. about 150* m., B. E. Parhain 711 
(A) (shrub 3 m, high, in grassland) ; Naitasiri: Nasinu, 9 miles from Suva, 
alt. 150 m., Gilles])ie 3599.9 (Bish), 366J (A, Bish) (tree 10 m. Jiigh, 
coi)iousIy branching; trunk 12 cm. diam.; fruit dull russet-green, the seeds 
orange-red). Without definite loi’Ality. Horne 1116 (Bish). 

The cited specimens, all of which are in fruit, appear to me cpiite identical 
with the three New Guinean specimens cited in connection with the original 
descri])tion. There seems no doubt as to the ])lace of the plant in Colnhrina ; 
the fruit-shape and the method of dehiscence suggest the common C. asiafica 
(1j.) Brongii., from which (\ papuana is at once distinguished by its dif¬ 
ferent foliage and larger fruits with thicker valves and larger seeds. The 
(M'currence of this Ne\N Guinean species in Fiji is surprising, but possibly 
future collections in the Soloinons and the New Hebrides will solidify the 
range. It is jiossible, of course, that discovery of flow(‘ring material in Fiji 
will make sj)ecific recognition of our plant advisable, but in view of the 
remarkable similarity of our matcTial to that of New Guinea, in foliage and 
fruit, J doubt if such separation will prove feasible. 

PLACOURTIACEAE 

Xylosma Bryanii A. G. Sm., sp. nov. 

Frutex inermis parvus ad 1 m altus, ramulis gracilibus subteretibus ob¬ 
scure lenticellatis et petiolis juventute obscure puberulis demum glabrescen- 
tibus; petiolis gracilibus leviter canaliculatis 3-5 mm. longis; laminis 
chartaceis glabris in sicco Fuscis obovatis vel ellipti(*o-obovatis, (1.5-) 2-3 cm. 
longis, 1-2.2 cm. latis, basi acutis vel obtusis et in petiolum inconspicue 
decurrentibus, apice rotundatis, marginc integris et conspicue sed aiigiiste 
revolutis, subtus dense et minute glanduloso-ceriferis, costa supra jirominula 
subtus elevata, nervis secundariis utrinse(*us 2 vel 3 adscendentibus anastomo- 
santibus utrinque prominulis, rete venularum utrin(|ue obscure prominulo; 
inflorescentiis j solis visis axillaribus breviter racemosis 2-4-floris, rhachi 
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2-8 Him. ])uberula, bracteis ovato-deltoideis siibaciitis piiberulis cir- 

citer 1 mm. longis et 0.7 mm. latis, pedicellis g:raeilibns 5-6 mm. ]oiij?is 
obscure puberulis; sepalis 4 submembranaceis ovatis vel ellipticis, sub 
antbesi circiter 2 mm. longis et latis sub fnictu paullo majoribus et per¬ 
sistent ibus, apice rotuiidatis vel obtusis (iiiterioribus interdum 2- vel 3- 
lobatis), extiis ^labris vel obseure et minute puberulis, intus dense pallido- 
sericeo-puberulis; disco parvo obscure crenulato; ovario glabro ovoideo sub 
antbesi circiter 1.5 mm. lonj^o, stylo brevi crasso, ])lacentis 2 inconspicuis, 
ovulis circiter 4 per placentam, stig:mate obscure lobato; fructibus ovoideis 
vel ellipsoideis, maturitate 8-9 mm. loiif^is et 5-7 mm. latis, stylo circiter 1 
mm. lonjio coronatis, pericarpio crasso-carnoso, piacentis oi)positis, seminibus 
circiter 5 castaneis ovoideis, circiter 3.5 ab 2.5 mm., basi obtusis, apice 
rotuiidatis. 

OnoeA: Kocky islet off shore of Onfrea ndriti, alt. 10-20 m., Brifon 392 
(A—frafrm., Bisli— type), July 26, 1924 (small shrub, 0.5-1 m. hij^di; flowers 
«:reen and white; fruit jireeu to purple). 

Xylosma Bryanii is very distinct among- Pacific species, being distin¬ 
guished by its diminutive habit, small revolute-margiiied leaf-blades, com¬ 
pact inflorescences, and ovaries with two placentas. In Sleumer^s treatment 
(in Notizbl. Bot. dart. Berlin 14: 288-297. 1938) it may be placed near X. 
ovatum Benth. of Australia, a species with slightly larger leaves, more 
numerous flowers, shorter pedicels, smaller sepals, more prominent plac'entas, 
and fewer ovules. 

It is a pleasure to name the new species for the collector, Dr. E. H. 
Bryan, fir.. Curator of the Bernice P. Bishop Museum. 

Xylosma Archboldianttm A. C. 8m. in Hargentia 1: 61. 1942. 

Vrn Levu : Rewa : Korombamba Mt., alt. about 420 m., H. E. Parham 1269 
(A) (shrub, in forest). 

The second collection of this recently described species, collected near the 
southeastern rather than the northeastern coast of Viti Levu, bears mature 
staminatc flowers and is slightly more robust than the type, with which it is 
identical in all essential characters. The following amplification of the 
original descri])tion is now possible : 

Frutex, petiolis ad 12 mm. longis, laminis ad 8 cm. longis et 5 cm. latis; 
inflorescentiis matiiris axillaribus solitariis racemosis 7- vel 8-floris, rhachi 
gracili circiter 7 mm. longa, bracteis ovato-deltoideis subacutis 0.5-0.7 mm. 
longis et latis; ])edicellis gracilibus sub antbesi 3-5 mm. longis, suj>ra basim 
1-2.5 mm. articulatis; sepalis 4-6 (1 vel 2 exterioribus oblongis minoribus 
saepe deficientibus) intus pallide pilosis, late ovatis, 0.7-1.3 mm. longis, 1.4- 

l. 6 mm. latis, apice rotundatis vel miicronulatis; toro complanato disco 
incluso 1.5-2 mm. diametro; staminibus circiter 40, filamentis gracilibus 
glabris 1.5-2 mm. longis, antheris oblongis circiter 0.5 mm. longis et latis. 

barringtoniaceae 

Barringtonia petiolata a. C. Sm. in Bishop Mus. Bull. 141: 102. /. 54. 
1936; Knuth in Pflanzenr. 105 (IV. 210) : 36. 1939. 

Viti Levu : Tholo West: Mbuyombuyo, near Namboutiui, Tabualcwa 
15612 (A) (tree 13 m. high, in forest) ; Naitasiri; Mt. Kombalevu, alt. 350 

m. . Parks 20309 (Bish) (tree 15 m. high, in thick bush) ; vicinity of Nasinu, 
9 miles from Suva, alt. 150 m., Oillesple 3584 (A, Bish) (in woods; flowers 
pink). 
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This species lias previously been recorded only from the three specimens 
from Vanua Leva orijrinally mentioned. 

MYRSINACEAK 

Discocalyx sylvestris A. C. Sm., sp. nov. 

Arbor ad K) m. alta nbi(jne ])raeter infloresceiitiae ramnlos et calyces 
obscure furfuraceos glabra, ramulis f»-racilibus cinereis teretibus ra<>Tilosis; 
petiolis b-lO uim. lonjiis sui)erue aiifruste alatis; lamiiiis ('liartaceis siccitate 
fusco-oliva(*eis subtiis pallidioribus, obovatis, 4.5-7 (Uii. loii^is, 2.5-4 cm. latis, 
basi attenuatis et iu petiolum decurrentibus, apice rotnndatis, mar<»ine 
inte<»Tis et minute recurvatis, (*osta supra subj)laua subtus elevata, nervis 
lateralibus utrius(‘cus 5-8 patentibus immersis intcrdum subtus leviter 
promiuulis, V(‘nulis obscuris immersis; iiifloresccntiis axillaribus compacte 
jianiculatis ad 5 cm. loii^jfis, ramulis jiracilibus minutt* furfuraceis, bracteis 
oblon^is 1.5-2 mm. loii^is caducis, ])ediceliis <»Tacilibus sub anthesi 2-8 mm. 
loujiis ])arce furfuraceis; floribus ut videtur hermaphroditis; calyce rotato 
cir(*iter 2 mm. diametro ])rofun(le 5-lobato ntrimpie jilabro vel extra obscure 
furfura(‘eo, lobis (b'Hoideo-oblou^is jiarce ^landuloso-punctatis, 0.5-0.8 mm. 
loiijiis (4 latis, apice obtusis vel rotnndatis, marline (*o]>iose et breviter 
brunueo-(‘iliolatis; corolla rotata 4-4.5 mm. diametro fere ad basim 5-lobata, 
lobis oblon<iis circiter 1.5 mm. longis ct latis af)ice rotnndatis nigro-glandu- 
loso-])unc1atis; slaminibus (piam instillo brevioribus, antheris sessilibns 
oblongo-ovoi(l(‘is (unubn* 0.7 mm. longis obscure glandulosis apice obtusis; 
pistillo sid) anilicsi circiler 1.8 mm. lojigo glabi’o, ovario graculiter ovoideo in 
slylum crassum circiter 0 5 mm. longum attenuato, stigmate sub])entagono, 
ovulis pl(‘rum(|ue 8 ; frin't u subgloboso 4-5 mm diametro obscure glanduloso- 
lineolato, stylo ])ersislente (‘oronato. 

ViTi Lkvt^: Hewa or Naitasiri: (Vntral Road, near Suva, alt. 250 m., 
MacDanivls 1 L'^i (A —tyfe, Bish), Apr. 18, 1927 (tree 10 m. high, the trunk 
15cm diam.;in rain-forest). 

Discocahfx siflvcstris appears to be closely related only to 1). inuliiflora 
(Tilles])ie, fj-om ^^bich it differs in its shorter and ])roportinnately broader 
leaf-blades Avitli fewer and more obscure secondaries, its mui'li moi-e compact 
inflor('S('en('es, larger brac'ts, smaller and more dee])ly lobed corolla, and 
smaller anthers. Possibly the new sp(‘cies is also representeMl by MncDanu h 
1070 (Bish), from the coast 4 miles west of Suva, Bewa, Viti Bevu, a sterile 
s])ecimen with thinner jninctate leaf-blades and moi*o obvious venation. 

Rapanea crassiramea A. (\ Sm., sp. nov. 

Arbor paullo post aiithesiu ubiipie glabra, ramulis subrectis crassissimis 
api(*cm versus 5-10 mm. diametro subteretibus fusco-ciiiereis copiose lenticel- 
latis, ci(‘atricibus foliorum delapsorum numerosis; petiolis crassis supra 
paullo complanatis 12-22 mm. longis; laminis coriaceis siccitate fuscis 
anguste obovatis, 11-15 cm. longis, 4.5-7 cm. latis, basim versus gradatirn 
angustatis et basi ipso obtusis, apice late obtusis et saepe leviter emarginatis, 
margine sae])e anguste recurvatis, costa supra ])aullo subtus valde promi- 
nente, nervis secundariis utrinsecus 12-15 cum aliis debilioribiis interspersis 
erecto-patentibus anastomosantibus ntrimpie valde ])rominulis, rete venu- 
larum subimmerso vel subprominulo; inflorescentiis secus ramulos in axillis 
foliorum delapsorum copiose dispositis, e ramulis crassis verruciformibus ad 
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7 mm. longis et 4 mm. latis formatis plenimque 2~4-floris; pedicellis crassis 
circiter 1 mm. diametro 4-6 mm. loiigis; calyee cupuliformi teiiuiter cariioso 
fere ad basim 5-7(pierumque 6)-lobato, lobis deltoideis oircdter 1.5 mm. 
loiigis et latis, apice subacutis vel obtusis, marline copiose sed mimite 
grlandnloso-eiliolatis; corolla staminibusqne non visis; ovario post anthesin 
depresso-snb^loboso 1.5-2 mm. diametro, stip:mate nt videtiir punetiformi, 
placenta depresso-^lobosa, ovulis circiter 5. 

ViTi Levu : Tholo North: Nandarivatu, on wooded slopes at 900 m. alt., 
CHlkspic i37i (A—fras'in., Bish— type), Dec. 16, 1927. 

Rapanea crassiramea is a species without close allies in Fiji or the ad¬ 
jacent pfroups, characterized by its stout branchlets, lar^e coriaceous obvi¬ 
ously nerved leaf-blades, numerous coarse inflorescence-stalks, lon^ pedicels, 
and apparently i)redominantly 6-merous flowers. Its foliage suggests that of 
some of the Polynesian species described by Mez under his numbers 61-67 
(in Pflanzenr. 9 |IV. 2361 : 372, 373. 1902), but those usually iiave 4-nierous 
flowers and more highly connate sepals. 

oleaceae 

Linociera Gillespie! A. C. Sm., sp. nov. 

Arbor sub fructu ubique glabra, ramis ramulisque pallide cinereis gracili- 
bus subteretibus sparse leuticellatis nodis leviter incrassatis; foliis o])positis 
apicem ramulorum versus 0.5-3.5 cm. distautibus, petiolis rugiilosis leviter 
canaliculatis 10-15 mm. longis gracilibus (circitpr 1.5 mm. diametro), 
larninis eoriac^eis in sicco olivaceis vel supra pallidioribus lanceolato-ellipticis, 
10-14.5 cm. longis, 2.7-4 cm. latis, basi gradatim acutis et in petiolum 
decurrentibns, apic'C caudato-acuniiiiatis (acumine 7-15 mm. longo obtuso), 
marjiine leviter recurvatis, subtus siecitate ineonsj)i(*ue rugiilosis, costa supra 
subplana siibtus promiiiente, nervis lateralibus utrinsecus 5 -8 arcuato-ad- 
scendeiit ibus mai’ginem versus anastomosantibus su])ra ])lanis vel leviter 
inscuJptis subtus valde elevatis, rete venularum obsciiro vel subtus jiaullo 
prominulo; iufructescentiis axillaribus (?) ut videtiir raceiuosis circiter 2 
cm. longis, rhachi rugosa circiter 3 mm. diametro, pedicellis non visis; fructu 
siecitate eoriaceo ellipsoideo obtuse circumcarinato, basi et apice rotundato, 
circiter 33 ab 20 ab 16 mm., pericarpio valde ruguloso, vivo forsan crasse 
carnoso. 

ViTi Levu : Tholo North : Vicinity of Nandarivatu, near summit of Loma 
Langa Mt., alt. 1150 m., Gillespie 4289 (A—fragm., Bish —type), Dec. 13, 
1927. 

The only species of Linociera which has been reported from Fiji or 
adjacent groups to the east is L, paiiciflora C. B. (3arke, mentioned by 
Burkill (in tlour. Linn. 8oc. Bot. 35: 45. 1901) as occurring in Fiji and 
Tonga. However, neither of the species here described as new is closely re¬ 
lated to L. paucifiora, which is based on a specimen from Penang and which 
doubtfully extends into the Pacific. The only species thus far rcjiorted from 
the New Hebrides is L. rami flora Wall., not a close relative of either of the 
new* species. Linociera scssiliflora Heinsl., from Papuasia and Micronesia, 
has leaves resembling those of L. Gillespiei in shape and texture, but with 
much shorter petioles. The inflorescence of L. scssiliflora is fasciculate and 
compact, whereas both L. Gillespiei and L. vitiensis (below described), as far 
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as can be aseertaiiied from fruiting; speeimens, have racemose inflorescences 
and thus mij?ht be better placed in Lingrelsheim \s Racemosae (in Bot. Jahrb. 
61: 6, 7. .1927). The a(*tnal relationships of the two new Fijian species cannot 
yet be definitely established, but they are well characterized by their short 
and presumably racemose inflorescences and larj^e fruits. 

Linociera vitiensis A. C. Sm., sp. nov. 

Arbor 5 m. alta sub fru(*tu ubique jylabra, ramulis cinereis vel distaliter 
pallide fuscis conspicue lenticellatis subteretibus, apicem et nodos incrassatos 
versus complanatis; foliis oppositis 2-8 cm. distantibus, petiolis castaneis 
rugiilosis canaliculatis 12-16 mm. long^is 1-1.5 mm. diametro, laminis cori- 
aceis olivaceis concoloribus late ellipticis, 7-10 cm. longis, 4.5-5.5 cm. latis, 
basi in petiolum abrui)te attenuatis, apice obtuso-cuspidatis vel subito in 
acumine obtuso ad 9 mm. long-o aeurninatis, marfrine paullo recurvatis, costa 
supra sub])lana subtus i)r()minente, nervis lateralibus utrinsecus plerumque 
5 (U‘e(do-patentibus intra marj?inem anastomosantibus supra leviter in- 
sciilptis subtus elevatis, venulis immersis A^el subtus inconsjiicue prominulis; 
infructes(‘entiis axillaribus vel e ramulis infra folia orientibus racemosis 
circiter 2 cm. longis, rhachi circiter 2 mm. diametro, pedicellis paucis valde 
rugosis incrassatis 8-4 mm. long:is; fructu siecitate coriaceo (vivo carnoso 
luteo) elli])soideo obtuse circumcarinato, basi et apice rotundato, circiter 80 
ab 17 ab 14 mm., pericarpio valde rufruloso, vivo levi. 

Tavefni: Borders of lake east of Somosomo, alt. 700-900 m., Smiih S6i 
(Bish, (iH— type), Dec. 29, 1938 (tree 5 m. high, in dense forest on island in 
swanif); fruit yellow; native name: lolovafa). 

Linociera vifirnsts is doubtless a close relative of the preceding new 
species, L. Gines])iei, the two being readily distinguished by obvious foliage 
characters. 


APOCYNAC’EAE 

Bleekeria vitiensis (Markgraf) A. C. Sm., comb. nov. Excavatia vitiensis 
Markgraf in Bisho]) Mus. Bull. 141: 127. /. 66, h, c, 1986. 

Merrill and Perry (in dour. Arnold Arb. 24: 213. 1943), in a recent dis* 
ciission of Bledxvria Ilasskarl, point out that Excavafia Markgraf (in Bot. 
Jalirb. 61: 195. 1927) re])resents the same concept. Many of the necessary 
transfei's from th(* inclusive genus Ochrosia Juss. to Bleekeria wei*e iiiade by 
Koidzumi in Bot. Mag. Tokyo 37: 52. 1928. Among these combinations, which 
are not in general lierbarinm use, is Bleekeria ellipiiea (Labill.) Koidz. for 
the well-known Ochrosia elliptica Labill., which occurs in Fiji. This species 
was inc()iis])i(‘U()usly transferred to Excavatia by Markgraf as Excavatia 
elliptica (Labill.) Markgraf, in Bishoj) Mus. Bull. 141: 128. 1936. 

Arnold Arboretum, Harvard University 
Jamak^a Plain, Massachusetts 
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Nutt.). Proc. Iowa Acad. 49: 213, 214. 1942 [My 1943]. 

Tehon, L. B. The wliite-ljracted ITymenopappnn still grows in Illinois. Trans. 
Ill. Acad. 35: 78. D 1942. 
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Thomson, J. W. Parmcha ttiygia (L.) Ach. in New Jersey. Bryologist 46: 46. 
.le 1943. 

Waters, C. E. Equisvlum praealium in dry soil. Am. Fern Jour. 33: 73-75. 
Ai)-Je 1943. 

Weatherby, C. A. Tlie type species of Chctlanfhes. Am. Fern Jour. 33: 67-69. 
Ai)-Je 1943. 

Welch, W. H. Tile systematic ])osition of the jjenera IVardta^ Hydropoffon, and 
JJydropoffovrlla. Bryologist 46: 25-46. /. 1-39, .le 1943. 

Wheeler, L. C. History and orthography of the celaslraceous genus **rachy- 
atima** Ttafinesque. Am. Midi. Nat. 29: 792-795. My [Jej 1943. 

Woodson, R. E. & Schery, R. W. it aL Flora of Panama. Part 11 Fascicle 1 
('Pycadaceae (Tramineae). Ann. Mo. Bot. Card. 30: 97-280. /. A]) 

[Je] 1943. 

Yuncker, T. O. Pon\ol\ulaceae Lindl. 1. Cuscuia [Tourn.] L. Tn: Flora of 
Texas 3: 123-15(1./. Southern Methodist T^^uiversity. |J1J 1943. 

M01tl*H4>1.00Y 

(iiicludintf anatomy, ami cytolof^y in i>art) 

Anderson, E. & Hubricht, L. The histological basis of a specific difference in 
leaf texture. Am. Nat. 77: 285-287. My-.le 1943. 

Beal, J. M. & Ownbey, M. (Vtological studies in relation to the classification of 
the genus Coloclioi 1 iiti. 111. Bot. Gaz. 104: 553-562. /. 1-11. 30 Je 1943. 

Bloch, R. Tli(‘ [iroblem of polarity in jilant morphogenesis. (3iroii. Bot. 7: 297— 
299. Je 1943. 

Bose, S. R. Role of [lyrcmoids in alga(‘ and of vacuoles in ])lastids of higher 
plants and in fungi. Bot. Gaz. 104: 633-638. /. /-/. 30 Je 1943. 

Chin, T. C. G,Nlolog> of th(‘ autotetraploid i\e. Bot. Gaz. 104: 627-632. /. 1-1 o. 
36 .!<* 1943. 

Craft, J. H. Kxtia floral neidaries in Unfophylhnn (‘idyrrnnnti. Pjoc. Iowa 
Acad. 49: 113 115. /. 1-i. 1942 [M\ 1943 |. 

Dean, H. L. 'fotal Itnigth of stem develo])(*d from a single seedling of Ck.scuIu, 
Pioc. Iowa Acad. 49: 127, 128. 1942 1M^ 1943]. 

Finkelstein, M. A stmly of the vascular i»ath\\a\s of the rhizome and base of 
stipe of Dnjapfi i IS miirynudis (Linne) As.m Giay. Am. dour. Pharm. 115: 
126-136. /. 7-66. Ap 1943. 

Friesner, R. C. (Vurelatlou of tdongation in piimarv, s(*condary and tertiarN axes 
of Pnuis strohns and P. risinosn, Butler I^'niv. Bot. Stud. 6: 1-9. My [de| 
1943. 

Havis, A. L. A developmental analysis of the strawI ku'iv fruit. Ain. Jour. Bot. 
30; 311 -314. /. / -/. 25 My 1913. 

Katz, E. J. Pollen-tube (kwelopmeiit in Tiira.iariini oftiruiah. Bot. Gaz. 104: 
656, /. /, A 36 Je 1943. 

McMenamin, J. P, A microanalysis of the ejiideimal cell walls beiu‘ath the mid¬ 
rib of the holl\ leaf. Trans. 111. Acad. 35: (59, 76. D 1942. 

0*Mara, J. O. Mcdosis in autotetia]>loid aSccu/c cvrvalc, Bot. Gaz. 104: 563-575. 
/. 1-9. 36 de 1943. 

WyUe, R. B. The dwarf leaf of Crrcis canadinsi.^, Proc. Iowa Acad. 49: 117— 
122. 1942 I My 1943]. 

Wylie, R. B. A note on axis re.storation in a gymnosperm trcK*. Pioc. ToAva 
Acad. 49: 123-125. /. 1. 1942 [My 1943). 

Wylie, R. B. The role of the epidermis in foliar organization and its relations to 
the minor venation. Am. Jour. Bot. 30: 273-286. /. 1 - 1 J . 25 My 1943. 
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Albaum, H. Q. The relationship between nitrogen transi)ort and metabolism in 
the oat seedling. Am. Jour. Bot. 30: 302-305. /. 25 My 1943. 

Amon, D. I. & Hoagland, D. R. Composition of the tomato plant as iiiduenced 
by nutrient supply, in relation to fruiting. Bot. Oaz. 104: 570-590. /. 1-7. 
30 Je 1943. 

Berger, J. & Avery, O. S. Action of synthetic auxins and inhibitors on dehydro¬ 
genases of the Avena coleoptile. Am. Jour. Bot. 30: 297-302. 25 My 1943. 

Berger, J. & Avery, Gt. S. Deliydrogenases of the Arena coleoptile. Am. Jour. 
Bot. 30: 290-297. /. 1-7. 25 My 1943. 

Broyer, T. C. & Hoagland, D. R. Metabolic activities of roots and their bearing 
on the relation of ui)ward movement of salts and water in plants. Am. 
Jour. Bot. 30: 201-273. 25 My 1943. 

Clark, H. E. & Kerns, K. R. Effects of growth-regulating substances on a 
parthenocarpic fruit. Bot. Gaz. 104: 039-()44. /. 7, 30 Je 1943. 

Flint, L. H. & Moreland, C. F. Note on ])hotosynthetic activity in seeds of the 
spider lily. Am. Jour. Bot. 30: 315-317. 25 My 1943. 

Galston, A. W. The nitrogen content of oat chloroplasts. Trans. 111. Acad. 35: 
00, 67. f. 7. I) 1942. 

Harris, D. G. & Zscheile, F. P. Effects of solvent upon absorption spei'tra of 
chlorophylls A and B; their ultraviolet absorption spectra in ether solution. 
Bot. Gaz. 104: 515-527. /. 7-4. 30 Je 1943. 

Lyon, C. B., Beeson, K. C. & Ellis, G. H. Effects of micro-nutnent deticiencies on 
growth and vitamin content of the tomato. Bot. Gaz. 104: 495-514. /. 7-J. 
30 Je 1943. 

Noggle, G. R. The rate of trans])iration in tuo oat V’arieties groun under \aryiiig 
soil moisture levels. Trans. Til. Acad. 36; 73, 74. /. 7. U 1942. 

Parker, M. W, & Borthwick, H. A. Influence of temperature on ]diotoperi()dic 
reactions in leaf blades of Biloxi soybean. Bot. Gaz. 104: 612-619. f. 7. 
30 Je 1943. 

Reeves, R. E. & Sisson, W. A. Chemical reactivity of cotton fiber as related to 
type of x-ray diffraction iiattern. (Vmtr. Boyce Thomiison Tnst. 13: 11-15. 
f. 1. Ja-Mr 1943. 

Reeves, R. E. Protecting cotton fiber from jieriodate oxidation. Contr. BoyOe 
Thompson Inst. 13: 1-9. /. 7, 'Ji. Ja-Mr 1943. 

Scofield, H. T. & Yarman, L. E. 8oine investigations of the water ndations of 
lichens. Ohio Jour. Sci. 43: 139-146. /. l-S. My 1943. 

Stanfield, J. F. Home growth responses of *So;;a and Vtnra to vitamins. Trans. 
Ill. Acad. 36; 75-77. /. 1. D 1942. 

Stephenson, R. B. A preliminary investigation of the effect of naphthalene acidic 
acid upon the growth and composition of oats. Trans. Ill. Acad. 36: 83, 84. 
f. 1, D 1942. 

Turrell, F. M. & Bauguess, L. 0. Histological responses of stock (Maihiola 
incana) seedlings treated with B-indolyl acetic acid. Proc, Iowa Acad. 49: 
133-138. /. 1 - 0 . 1942 [My 19431. 

Turrell, F. M. & Kersten, H. A qualitative study of the effect of soft x rays on 
the activity of B-indolyl acetic acid as a growth substance. Proc. Iowa 
Acad. 49: 139-143. /. 7, S. 1942 [My 19431. 

Voigt, J. W. A preliminary investigation of the effect of the descaling of winter 
buds on their growth in east central Illinois. Trans. 111. Acad.' 36: 79, 80. 
J3 1942. 
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Voth, P. D. Effects of nutriciit-sohitioii conerntration on the growth of Mar- 
chaniia poJymorphn, Hot. (laz. 104: 591-(>()1. /. 1-S. 30 Je 1943. 

Watson, S. A. Preliniinary studies on rihofiaviii (vitamin B,) content of plant 
materials. Trans. 111. Acad. 36: 84, 85. I) 1942. 

Weiss, M. G. Inheritance and physiology of efficiency in iron utilization in soy¬ 
bean. (Tcnetics 28: 253-208. /. 7-J. My 1943. 

GKNKTICS 

(iiH'liiOiii;^ cyto>?<*iH*tics) 

(See also under IManl IMiysiolojjiy • Weiss) 

Christensen, H. M. & Bamford, R. TIaploids in twin seedlings of pepjier, Cnp.si- 
enm Annum L. Jour. Tiered. 34: 99-104. /. 7-.2. A]i 1943. 

Jodon, N. E. & Beachell, H. M. Rice dwarf mutations and their inheritance. 

Jour. ITered. 34: l.l.l-lOO. /. /2-//. My 1943. 

Krug, C. A. (Jiromosonn* numbers in the subfamily Auiantioideae with sjiecial 
refen‘nc(‘ to the genus CUfrns. Bot. Oaz. 104: ()02-()ll. /. 1-11. 30 Je 1943. 
Myers, W. M. Ana 1\sis of variance and cov.ariancc* of chromosomal association 
and b(‘lia\ loi during ineiosis in clones of DaclyUs (jJomnrata. Bot. CJaz. 
104: r)41-552. 30 Je 1943. 

Pope, M. N. (Meavage polumibi \oiiy in barley. Jour. limed. 34: 153, 154. /. 11. 
My 1943. 

Rick, C. M. Cyto-geiK'tic coiise(|uences of x-ray treatment of [lollen in Pdnnui. 

Bot. (laz, 104: 528-540. /. 7-J. 30 Je 1943. 

Rick, C. M. The x-ray induc(*d mutation latc* in pollen in lelation to dosage and 
the nuclear c,M*le. (lemdics 28: 237-252. /. 7-5. My 1943. 

Smith, H. H. Effects of genoiiu* balance, ]H)ly])loidy, and single t*xtra chromo¬ 
somes on size in \icotnina. (lenetics 28: 227-23(). /. 7, 2. My 1943. 

Smith, L. Relation of jiolyploidy to heat and x-ray effects in the cereals. 

Jour. Ilered. 34: 131-134. f. I, j*. My 1943. 

Smith, W. K. Rrojiagation of chloiophyll deficient sweetclovei hybrids as grafts. 

Join. Ilered. 34: 13.5-140. /. ,7-5. M\ 1943. 

Stewart, R. N. Occuircmce of aneuploids in Lthnm. Bot. (laz. 104: t520-(32(i. 
/. I -' S . 30 Je 1943. 

Wagner, W. H. Hybridization by leinote control. Am. Eeni Jour. 33: 71-73. 
Ap-Je 1943. 

MYC’OLDGY v\NI> PIlYTDPATHOLO(iY 

Bitancourt, A. A. Plant ])athology in Brazil. Chron. Bot. 7: 318-320. Je 1943. 
Drechsler, C. Two new basidiomycetous fungi ])arasitic in nematodes. Jour. 

Wash. Acad. 33: 183-189. /. 7, 'J. 15 Je 1943. 

Gilman, J. C. Illustrations of the fleshy fungi of low'a. III. The black-spored 
Agarics. Proc. Iowa Acad. 49: 153—158. f. 7—.7. IV'. (.^ominon fleshy 
Ascomycet(‘s. 159-171. /. 1-Vh 1942 | My 19431. 

Gilman, R. Slime molds of Benzie County, Michigan. Broc. Iowa Acad. 49: 189, 
190. 1942 [My 1943]. 

Grumbein, M. L. Typhnhi jnneva in Iowa. Proc. Iowa Acad. 49: 185-187. f. 1. 
1942 [My 1943]. 

Hart, H. & Allison, J. L. A browning reaction to stem rust in wheat. Phyto¬ 
pathology 33: 484-496. /. 7-5. Je 1943. 

Johann, H. Vhoma Irrrcsfns in the roots of mature maize plants. Phyto¬ 
pathology 33: 526-528. f. 1. Je 1943. 



556 


BULLETIN OP THE TORREY CLUB 


[VOL. 70 


Johnson, H. W. & Koehler, B. Soyl>eaii diseases and tlieir eontrol. U.S.D.A. 
Farmers* Bull. 1937: 1-24. /. 1-16, My 1943. 

Karling, J. S. The simple holocarpie biflagellatc Phycomycetes. i—oCy 3-123. pJ. 
/. a-m. New York, the author, 1942. 

Keitt, G. W. & Clayton, C. N. A destructive virus disease of sour cherry. Phyto¬ 
pathology 33: 449-408. f. 1-8. Je 1943. 

Kolk, L. A* Germination of grass smuts. Am. dour. Bot. 30: 317-330. pi. 1-4. 
25 My 1943. 

Lentz, P. L. The genus ThelepJwra in Iowa. Proc. Iowa Acad. 49: 175-184. 
/. 1-7. 1942 [My 1943J. 

Martin, G. W. Notes on Iowa fungi. TX. Proc. Iowa Acad. 49: 145-152. 1942 
[My 1943]. 

Smith, J. E. & Shaw, K. J. Pathogenicity studies with fusaria isolated from 
tobacco, sweet potato and cotton. Phytopathology 33: 409-483. /. i, i2. 
Je 1943. 

Smith, O. F. & Allen, M. W. The bulb or stem nematode on alfalfa, sweet clover, 
and white clover. Phytopathology 33: 525, 520. Je 1943. 

Sparrow, F. K. Aquatic Phycomycetes exclusive of Saproleguiaceae and Ppihium. 
i-xiitf 3-785. /. 1-69. Ann Arbor, Univ. Michigan Press, 1943. 

Thomas, R. C. Composition of fungus hyphae. IV: Vhifiophihom. Ohio Jour. 
Sci. 43: 135-138. My 1943. 

Tulk, M. Some notes on the fungi of Henry (V)uuty. Proc. Iowa Acad. 49: 173, 
174. 1942 I My 1943]. 

PALEOBOTANY 

Hansen, H. P. A pollen study of two Ixjgs on Orcas Island, of the San Juan 
Islands, Washington. Bull. Torrey (*lub 70: 230-243. /. 1-J. 1 My 1943. 

Hoskins, J. H. & Cross, A. T. New’ interpretations of A*^phrn(>plnfllosfachp.s basixl 
on a petrified specimen from an Iowa coal ball. Trans. 111. Acad. 35: OH, 09. 
I) 3942. 

Hoskins, J. H. & Cross, A. T. Notes on a new’ specimen of Lrpidostrohus imbri¬ 
cates Hoskins and t^ross. Am. Midi. Nat. 29: 539-5-11. /. 1-1. Mr | Ap | 1943. 

Hoskins, J. H. & Cross, A. T. Lcpidostrobes ansfaius Hoskins and (h’oss, a 
homonym. Am. Midi. Nat. 29: 542. Mr [Aj)] 3943. 

Potzger, J. E. & Otto, J. H. Post-glacial forest succession in northern N(‘W Jers(‘y 
as shown by pollen records fiom five bogs. Am. Jour. Hot. 30: H3-H7. 31 Mr 
1943. 

Wilson, L. R. & Cross, A. T. A study of the i>lant micro-fossil succession in the 
bottom deposits of (Vystal Lake, Vilas County, Wisconsin, and the iieat of 
an adjacent bog. Am. Jour. 8ci. 241: 307-315. f. 1, H. My 1943. 

E(’<)L<>GV AND PLANT UKOGllAPHV 
(See also under (Jeneral Botany* Dchotercnu) 

Acosta Solis, M. Anotaciones sobre la vegetacio del Norte de (Juito: Desde coto- 
collao y San Antonio Hasta el Rio GuayUabamba. I^lora 2: 301-113. f. 18- 
Sfy. T) 1942. 

Anderson, W. A. A Lm in nortlnvestern Iowa. Am. Midi. Nat. 29: 787-791. 
My IJe] 1943. 

Cain, S. A. Sample-plot technique applied to alidnc vegetation in Wyoming. Am. 
Jour. Bot. 30: 240-247. f. 1-7. Ap 1943. 

Cook, C. W, A study of the roots of Bromvs incrmis in relation to drought resis¬ 
tance. Ecology 24: 109-182. /. 1-5. Ap 1943. 
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Daxlington, H. C. Vegetatioii and substrate of Cranberry Glades, West Vir¬ 
ginia. Bot. Gaz. 104: 371-393. /. 1-17, 31 Mr 1943. 

Daubenmire, R. F. Vegetational zonation in the Tiocky Mountains. Bot. Rev. 
9: 325-393. Je 1943. 

Frazier, J. C, Nature and rate of development of root system of Convolvulus 
arvcns'is. Bot. Gaz. 104: 417-425. f, 1-9. 31 Mr 1943. 

Hall, T. F. & Penfound, W. T. (Cypress-gum communities in the Blue Girth 
swamp near Selma, Alabama. Ecology 24: 208-217. f, 1-4. Ap 1943. 
Hansen, H. P. Paleoecology of a peat deposit in east central Washington. North¬ 
west Sci. 17: 35-40. My 1943. 

Harris, H. L. & Drew, W. B. On the establishment and growth of certain legumes 
on eroded and uneroded sites. Ecology 24: 135-148. f. 1-S. Ap 1943. 

Hupp, E. R. J’lankton and its relationship to chemical factors and environment 
in White River (\MnaI, Tndianajiolis, Indiana. Butler Univ. Bot. Stud. 6: 
30~.53. My | JeJ 1943. 

Juday, C. The summer standing crop of plants and animals in four Wisconsin 
lakes. Trans. Wis. Acad. 34: 103-133. 1942 [A]) 1943 |. 

Keller, C. O. A coiiijiarative study of three Indiana liogs. Buth*r XTniv. Bot. 
Stud. 6: 65-80. My [ Jel 1943. 

Leon, H. Vegetacion de las Teriazas d(‘ Maisi. Rev. Soc. G(‘ograf. Cuba 2: 
33-49. f. 1-1J. A])-.le 1942. 

McVaugh, R. Th(‘ vegetation of the granitic flat-rocks of tin* southeastern IInit(*d 
St.Mtes. Ecol. Monogr. 13: 119-165. /. /-.?d. Aj) 1943. 

Myers, R. M. Tin* vegetation of Idaho. Denison Univ. Bull. 43'*: 32-39. /. 1. 
Afi 1913. 

Patterson, P. M. Sonn* ecological ol>s(‘rvations on bryophytes. Bryologist 46: 
1-13. Mr 110 My I 1943. 

Potzger, J. E. Pollen study of five bogs in Price and Sawyer (’ounties, AViscon- 
sin. BntU't l^niv. Bot. Stud. 6: 54-64. My |*1(*| 1943. 

Potzger, J. E. & Friesner, R. C. An <‘cological sur\ey of Berkey AVoods: a reni- 
jiant of forest piimeval in Kosciusko County, Indiana. Butl(‘r T^niv. Bot. 
Stud. 6: 10-16. My fde] 1943. 

Potzger, J. E. & Van Engel, W. A. Stinh of the rooted a(juatic vegetation of 
\V('ber Lake, A’ilas County, Wisconsin. Trans. AVis. Acad. 34: 149-166. 
/. I-J. 1942 |Ap 1943 I. 

Vestal, A. G. V necjual scales for rating sjiecies in communities. Am. .Jour. Bot. 
30: 305-310. /. /. 25 My l!M3. 

Welch, W. B. A study of tlie ph\toj)lankton of (h*ab Orchard Lake. Trans. Til. 
Acad. 35: HI, 182. f. /-3. D 1942. 

<i KN KRAl. BOTANY 
(iin'lmliiipr bioprrnpliy) 

Asmous, V. C. K. A. Timinazes (1843-1920), an appreciation. Chroii. Bot. 7: 
301, 311. de 1943. 

Bean, R. 0. Aithur Herbert Norton. Rhodora 45: 217-220. de 1943. 

Blaydes, G. W. Staining inulin crystals in plant tissues. Ohio Jour. Sci. 42: 
81, 82. Mr 1943. 

Buchholz, J. T. (Xiarles dos(*ph Chamberlain. Bot. Gaz. 104: 369-370. porC 31 
Mr 1943. 

House, H. C. Clarence d. Elting and his herbarium. Torreya 42: 181-190. N-D 
1942 124 Ap 1943]. 
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Johnston, I. M. Publication dates for the botanical parts of tlu? Pacific Bailroad 
reports. Jour. Arnold Arbor. 24: 237-242. Ap 1943. 

Lloyd, F. E. The carnivorous plants, i-xv, 1-352. pi. t-SS /. 1-11. Chronica 
Bot. Co., Waltham, Mass., 1943. 

McAtee, W. L. Some local names of plants—VIII. Torroya 42: 153-168. 
N-B 1942 [24 Ap 1943]. 

Mason, H. L. Ethel Katherine Crum. Madrono 7: 33-35. Ap 1943. 

Ochoterena, I. Outline of the geographic distribution of ])laiits in Mexico. 
Chron. Bot. 7: 311-315. Je 1943. 

Pennell, F. W. Bontanical collectors of the Philadelphia locjil area. Bartonia 
21: 38-56. 27 My 1942. 22: 10-31. 7 My 1943. 

Beaver, F. J. William Sturgis Thomas. Mycologia 35: 133. port. 5 Aj) 1943. 
Standley, P. C. & Steyermark, J. A. The vegetation of Guatemala, a brief 
review, (^hron. Bot. 7: 315-318. 1943. 

Woodworth, R. H. Economic x)lants of St. John, U. S. Virgin Island. Bot. Mus. 
Leaf!. 11: 29-56. 22 Ap 1943. 

WulfF, E. V. An introduction to historical plant geography. 1-223. /. /-,/J. 

Chronica Botanica, Waltham, Mass., 1943. 
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TRACY ELLIOT HAZEN 
1874-1943 

('oRNELiA L. (Urey, Harold C. Bold and John Hendllv Barnhart 

Professor Ti’cK'v Elliot Hazeii, (listiiij*iiislio(l botanist and honorary life 
member of Ibo Tori-ey Botanieal Club, died Mai-eli lb, 1943, at Waterbnry, 
Conneeti('ut, after several years of deelinin<>‘ liealtli. He* was the youngest 
of seven b3*otlie»*s, three of whom, Hev. ('arleton Hazen of Middletown, Con- 
neetieiit, Kev. William Hazen of Anbni*ndale, Massaehnsetts and Dr. Robei’t 
Hazen of Thomaston, Conne(‘tient, s\irvive Idm. He was born Jnly 4, 1874, 
in Jeri(*lio (!entei-, Vermont, the son ol‘ R(‘v. Austin Hazem and Mary Jan(3 
(('arleton). His early Aears were* spent in tlie vicinity of Ins birth])laee, 
wtiere tie had am])le ojiportnnity to d(‘V(‘Jop his life-lon”‘ interest in plants. 

He jirepared for eollece at the Mount H(‘rmon School, and was jxradnated 
from t}i(‘ I'niv(‘i*sity of Vermont in 1897 with tlie A B. deci’ee, Ma<»na Cnm 
Lande He was ele(*ted to immilxn-ship in Phi B(*ta Kapj)a at this time. As a 
student he was ketmly int(‘i*(»sted in the study of the (dassic's, and Ids de(dsion 
to devote his major inter(‘st to botany was the oix'asion of disappointment for 
facnlty memb(‘rs of th(‘ (dassi(‘al d(‘])artment. In this coniuMdion lie often 
recalled tin* stimulation and eiK'onrajiement h(» had i*eiMMV(*d fi'om Jb'ofessor 
L. R Jones, at that time in (diai-jic* of the botanii'al work at Vermont. The 
meti(Mdons care and c]*iti(‘ally keem po\Ners of obsm'vation, which are so char- 
a('teristi(' of Dr. Haz(‘iCs later |)nbli('ations and researehes, are already 
ai)parent iji Ids senior thesis on lla lacnsfns, a study which he later 

elaborated and ])nblished as a IMemoii- of the Torr(*y CInb. The beantifnlly 
('oloi-ed illustrations fi'om this paper have been i*(*])rodnced in mimei*ons 
texts. Dr. Hazen i-(*maim*d a lo\aI son of the Pniversity of V(*rmont, 
retnrninjj: fi’erpiently to ])art]ci|)ate in tlK‘ alnmni activities dnrin;^' the 
annual Ckmimenc'ement wec'k. 

Dnrinji' the three \ears, 1897-1900, lie ])nrsned graduate studies in bot¬ 
any and zoology at (\)]nmbia Cnixersity, r(X*eivin<i the A.M. dejiree in 1899 
and tlie IMi.D. tlie following- \ear. At the sn«.» 4 »estion of Prof(‘ssoi- \j. M. 
Piulerwood, he (*arried on (‘ritical taxonomic studies of the filanumtons 
ChlorophycM'ae. The rc'snlts of these studies were nltimately i)ublishe(l in 
th(‘ eleventh voliinK* of the Memoirs of the Torrey Club. He b(M*ame an 
indefatijiabb' (‘ollector during* this work. During* this period he was elected 
to membei’Ship in the Torrey Botanical Chib, in the activities of whicti he 
maintained an active* interest until his death, servin**’ as its ])resident in 

The ])oitr;iit of J^oetoi ll;c/>cii is puhlLshcd with the ;issist;niee of the Liu ien M. 
I^iulerwood AleinoriMl Eund. 

I Thk Httij.kti.n for S(*j)teml)c‘r (70: 440-o.^S) was issued Si'pteinher 3, 1042] 
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1984 aiuJ 1985, as assoi'iato editor in 1908-1911 and 1982-1939, and as editor 
in 1924“1981. After forty years of loyal servii'e and annual membership he 
was eleeted an Honorary Life Member in 193f). 

Dr. Hazen served as Direetor of the Fairbanks Museum of Natural Sei- 
(‘iK'e at St. Johnsbury, Vermont, durin<»' 1901-1902, eontinuinji' his eolleetion 
and study of the alj^ae, as well as of the ferns and flowering* jilants. He re¬ 
turned to Columbia as assistant in the Department of Botany from 1902 to 
1908. In January of tlie latter year he was railed to Barnard C()liej*e as 
Tutor, to eontinue the work of Miss Louise B. Dunn, who had died. Thus 
bej»an an assoeiation with that sehool whi(*h was to eontinue for thirty-six 
years. He attained to the rank of assoeiate professor wdiieh he held at the 
time of his retirement in 1939. 

Tile years at Barnard were exeeedin^ly fruitful in researeh (mueh of 
wliK'h remains unpublished), and more espeeially in teacdiin^. Few others 
have »‘iven no unstintin^ly, so unselfishly, and with sueh (‘omjilete devotion 
to their students. Professor Hazen was driven by his ideal of providing* 
livinjj: speidmens in various sta^(‘s of development for his students; he spared 
no efl'ort, time or expense in realizing* it. In the early years h(‘ traveled lon<»’ 
distanees by bi<*yele through New York City and its suburbs (‘olleetin*** the 
neeessary material. Later, the exeiirsious were made by ])ublie eonvcwamM', 
always at his own expense. His hundreds of earefully ehoson mi(M*oseo|)ie 
jirefiarations were personally prepared and greatly enhaneed the value of 
his courses for the student. He had an uiu'anny ability for transmitting* his 
own extremely keen powers of perc(*ption to his students, and was never 
(M)ntent until the dullest of the ^rouj) had correctly obser‘V(*d and understood 
the most obscure featui*es of the s])ecimen before him. He was untliiudiiufily 
zealous in ac(‘(miplishin<;* this purpo.se, <‘ivin»* un^riid^injily of his leisure 
lioiirs to all who sou<»ht help. Teaidiin*** of this hij»li order is unfoidiinately 
all too rare. 

His reseaivh interests were fundamentally in the (8iloro])hy(‘eae, more 
(*s])ecially the luiicellular Volvocales; wherever he trav(*led he studied, pre¬ 
served, and prepared notes and illustrations of the local i’(*presentatives of 
the i^Toup. Many plates of beautifully colored illu.strations executed during* 
these studi(*s brinj'* to li»»:ht a nund)er of specie's and seweral «>’enera new to 
science; it isho|)ed that these may be published. He was abundantly endowed 
with the ])atien(‘e, keenness and ])erseverance nece'ssary for the critical 
study of these motile organisms. His ])ubiicatious on Lobomonas and 
Brai'hiomonas reflect countless hours of f*:iMielinj>*, lon<i-continued microscopic 
observation, which were rewarded by a completene.ss of understandin<j^ of 
their structure and reprodiudion, scarcely equaled by others. His failure to 
publish much of his Avork may be attributed to his inordinately hij»h ideals of 
perfection and thoroughness. In addition to the alf^ae, Profe.ssor Hazen 
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iiiaiiitaiiied a lively interest in the an^iospenns, anil in this eoniieetion i)iib- 
lislied his well known study oF triinorphisin in Poniefhtria. 

Professor Hazen traveled quite extensively Jii Euro})e, South Aineriea, 
and the West Indies, eolleetiny* and studyinjr tlie loeal floras, and at the same 
time nurturinji’ his inereasinj** interest in ^enealo^iy. He was a member of a 
botanii'al expeditioji to the hij»h Andes of Colombia in 1922, and of Dr. 
Bi'itton’s ex])editions to Trinidad in 1920 and to Porto liieo in 1924. 

Jn addition to Ids duties at Columbia, Professoi* llazen tauj>ht in tlie 
eourse oji alt»ae at th(‘ Marine Biolo<>ieal Laboratory, Woods Hole, Massa- 
(diusetts, during' the summers of 1924 and 1926, and served in a similar 
eapaidty at the Hopkins Marine Station, Paidfie Crove, California, durinjz; 
the summer of 1930. 

For a number of years lie served as an appointed member of the Board 
of Managers of tlie New York Botanieal Carden f]‘om the Torrey liotanieal 
dub, and was also a member of the (kirporation of the Botanii'al Carden 
until P142. fl(* nqiresented the Torrey Botani(*al Club at the International 
Botanii'al (^nijiress in Amsterdam in 1934, at the (Vnitiuiai'y Celebration of 
the Botanieal Soi'iety of Edinburjih ni 1936, and at the meetin**’ of the 
British Assoeiation for the Advaneement of Sidenee in 1938. In spite of 
extreme d(‘bility, and against his physiinaiCs advii'e, he attended the eele- 
bration of tin' s(*venty-fifth anniversar\ of tin* Torrey dub in June 1942. 
This ])roved to lie his last ojiportunity for aetive partieijiation in the dub’s 
activities. 

After retirinji' Prof(‘ssor llazcni jiave himself more fully to <i<^DeaIojiy, 
and ac'hieved ('onsidiu'able distinetion and n‘eo^nition in this field. He wrote 
several papers of ^enealojiieal interest whieh were ])ublished in the New 
Eiiizland Historieal and Cenealo.aieal lie<»*ister in 1939 and 1940 as Contti- 
butions for fin Tcra nf( of Jitnvlcff, MossorJmscifs, and left a numbej* 
of ()th(‘r paptu’s in iiianusi'ript. In rec'd^nition of his scdiolarshi]) he was 
invited in 1939 to deliver the main address at the eelebration of the Ter- 
eentenary of Rowley, Massaeliusetts 

Beside the Torrey Botanieal dub Profes.sor Hazen held meinbershi])s in 
a number of other socneties, anionji’ them the Americain Assoeiation for the 
AdvaiU'ement of Seieiu'e, the Botanieal Society of Aimudea, the Marine Bio- 
lojimad Lal)oratory, the New England Botanieal (3ub, the Conneetieut 
Botanieal Society, the American Fern Society and Si»»ina Xi. He was also a 
member of the V(*rmont Historieal Society, the Massachusetts Historii*al 
Society, the New Enjiland Historic' Cenealo<»‘i('al Society, the Society of 
Colonial Wars in Massac'husetts, the Society of Mayflower Descendants in 
(k)nne('ti('Ut and the Soc'icdy of Sons of the American Revolution. 

In a letter to Professor Hazeji’s family the (’orrespondinjz* Sec'i-etary of 
the dub has a])tly summarized the sentiments of its members in writinji*. 
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. the Torrey Botanical Club was singularly fortunate in having 
profited by the sound scholarship, the meticulous labors, the faithful devo¬ 
tion to duty, and the kindness of heart of Professor Tracy E. Ilazen. All its 
members admired him, all respected him as a thorough gentleman, and all 
who knew him intimately loved him.’’ 

The published work of Tracy Elliot Hazen 

The life history of Sphaerrlla lacustris (Uarmatororcus pluvtalis). Mem. Torrey (hulj 6: 
211-246. pi Sil S7, 8 My [8 .le] 1899. 

The seventh jiiiiiumI winter meeting of the Vermont llotonienl (hni). Rhoilora 4: 64. (5 Mr 
1902. 

The Ulothrieiieene and Chaeto]>horaeeae of the United States. Mem. Toney (Mul). 11: 

135-250. pi 20 O [10 S] 1902. 

The habitat of the slender eliff-brake. Torreya 2: 176. 25 N 1902. 

Proeeedings of the Club: March 8, 1904. Torreya 4: 73, 74. 13 My 1904. 

A new handbook of the genera of freshwater algae. (Tteview of: West, (1. S. A treatise 
on tile British freshwater algae.) Torreya 4: 154-156. 29 O 1904. 

Driiopivna Filix-mati in Vermont. Fern Bull. 14: 25, 26. Mr 1906. 

Oxahs Bnitoviac at Pownal. Bull. \^t. Bot. Club 3: 17, 18. Ap 1908. 

Proceedings of the (Mub: March 10, 1908. Torreya 8: 82, 83. 29 Ap 1908. 

Ib'oceediiigs of the (Hub: October 13, 1908. Torreya 8: 265, 266. 25 N 190S. 

Willis’s Flowering plants and ferns. (Review of: Willis, J. C. A m.anual and dictionaiy 
of the flonenng ]dants and ferns.) Torreya 9: 56, 57. 26 Mr 1909. 

The trimorphisin and insect visitors of Votiirdcnn. Mem, Torre,> (Mub 17: 459—184. pi 
//, 1/); f. l-]^. 10 ,le 1918. 

Vlaijimonas siibcordiformis (Wille) Ilazen, comb. nov. Rhodora 23: 251, 252. 27 F 1922. 
The phylogeny of the genus Brachiomonaa. Bull. Torrey Club 49: 75-92. pi •>, /; /. id- 
ru). 18 My 1922. 

New British and American species of Lobomoiias: a study in mor]diogcni‘sis of motile 
algae. Bull. Mkirrey (hub 49: 123-140. pi .7, 6. 15 .le 1922. 

Flora of Penikese, fifty years after: Algae of fresh water. Rhodora 26: 211, 212. 5 .La 
1925. 

Flora of Penikese, fifty years after: Algae of bracki.sh water. Rhodoia 26: 215. 5 .la 1925. 
Botanizing in the (’olombian Andes, .lour. N. Y. Bot. Card. 26: 132, 133. (30) .le 1925. 
Tho English ancestry of Edward Carlton of Rowley, Mass. New Fngl. Hist, (bmeal. Reg. 
93: 3-46. pi; chart. (1) .Ta 1939. 

MMie ancestry of Ellen Newton, wife of Edward (Mirlton of Rowley, Mass. New Engl. Hist. 
Ceneal. Reg. 94: 3-18. pi.; /. (1) da 1940. 

(With Harold Charles Bold; New motile algae from New' Jersey. (Abstract.) Am. Jour. 
Bot. 26: Sup])l. 25. 4 Ja 1940. 

Two founders of Row'ley, Mass. New Engl. Hist. Ceneal. Reg. 94: 99-112. pi (1) Ap 
1940. 

Contributions for the tercentenary of Rowley, Massachusetts. (A]) 1940) This com])rises 
separates of the three genealogical papers of'1939 and 1940, w'ith a general title jiage. 

Barnard College, Columbia University, and 
The New York Botanical Garden 
New York 
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THE OSMOTIC QUANTITIES OF THE CELLS IN THE 
HYPOCOTYL OF HELIANTHUS ANNUUS 
SEEDLINGS^ 

William A. Bec^k and Basilia Andkus 

INTRODUCTION 

In recent years ^T(*at interest lias been manifested in the nature of 
growth in ])lants by cell eiilarjiement. In particular a source of enerjiy has 
been sonj*lit which would satisfactorily account for the phenomenon of tlie 
enlarj>ement of the plant cell. The older notion that turjior is entirely res])on- 
sible for the enlar}»‘ement became untenable with the discovery of Ursprun*^ 
and Blum that the turgor in the <>Towin^* root cells of Vida faha is minimum 
in the zone of maximum growth. More recently an active jrrowth of tlie cell 
wall was made a(‘(‘Ountable for the ])henomenon. The auxin ^^as made r(‘- 
s])onsible for this jirowth of the wall, but for some time it was not clear if 
th(' auxin caused it direcdly or only by acting* inductively upon the jiroto- 
])last. (irowth of the wall by intussusce])tion can hardly be doubted in view 
of re(‘ently ])rov(*d facts, and there can be little, if any, doidit that this 
j»T()wth of tlie wall is du(‘ to the addition of mat(‘rials elaborat(*d by the ])roto- 
plasm, whi(‘h is infliKMU'cd in its activity by the ^rowth-pi'omotin^’ substance. 
It is [ir-obable that the influence of auxin evokes, not only the elaboration of 
the necessary wall matm’ial, but other <»rowth phenomena as w(‘ll, such as the 
]n*oduction of th(‘ solutes ne(*essary to maintain the turgor of the ^rowinji' 
cells. 

It is the purpose of the present study to investijzat(‘ (*arefully the active 
f^rowth of d(‘velo])in^ ('dls and their osmotic (piantities, with the end in view 
of correlating tliese ])hen()mena and drawing such (‘onclusions as are possibh' 
re^ardinji* changes in the physic'al nature of the jn'oto])last, the cell saj^, and 
th(» wall. The results should <»ive a better umhn-standinji' of tln‘ nature of 
growth by cell enlargement, and of the energies which are involvi^d. 

The terms expressing' osmotic ijuantities have been used in such a variety 
of meaninjz's that one is in doubt many tilings about their real sijinificaiK'c 
when used by an author who fails to define his terms accurately. For that 
reason cai*e is taken here to define each term and state its si<»nifi('ance. For 
a review of the literature on this subject the reader is referred to the works 
of rTrsi>runj»' (44, 4(1), Beck (d), and Stark (40). 

In plant jihysioloj^y the t(‘rm osmotic <piantity is (*mployed to designate 
any of the (piantities which refer to such ])ressures or tensions in the livinji' 

1 Tlie cost of ])ubli('ation of tliis jiapc)* was assisted liy the Tnstitiitiini Divi Tliomae, 
Uiadley Hall, J’alni Beaeli, Florida. 

doa 
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plant cell as depend directly or indirectly upon osmotic plieiionieiia, includ- 
iii}? components that j’esidt from combinations of these elementary vector 
({uaiitities. 

In previous work on j>Towth i)lienomena and pigment produetion (6, 7, 
9, 10, 12, 13, 14, 15), Helianihns annuns was used; it was natural to choose 
tlie same object for experimental study in the present work since a body of 
data re<»:ardinji: these seedlings is on hand. From previous experience and 
careful })ropa^ation each year it was possible to have strictly comparable 
])]ants from seeds of the same strain ^rown under identical conditions. 

Ku<j:e (35, 36) studied the hypocotyl of Helianfhys seedlinj»‘s in an effort 
to determine the influence of heteroauxin on cell enlarf^ement, and recorded 
osmotic*. (|uantities determined by him which may well be compared with the 
data we present here. But it must be remembered that the regions of the 
hypocotyls which he employed are not the same as in our exi)eriments and 
he cultured his seedliiifis somewhat differently. IIis seedlings were not of the 
same a<ie or size as ours and he confined his studies to the cortical tissue, 
while we studied both the ei)idermal and cortical tissues. The exact determi¬ 
nation of the osmotic (juantities is tedious and involved; it demands much 
time, so that conceivably Ku^e was oblij»*ed to ^ive less attention to this phase 
of his work, consid(‘rinji’ the many and varied operations that he was oblij»ed 
to carry out within a limited time to achieve his objective. lie followed 
nrsprun<»’’s methods for the determination ol* some of his (juantities, but it 
is not clear if he did so for all. 

We proposed to ^ive close attention to the exac't determination of the 
osmotic quantities in normally developing: cells, that is, from the time the 
cells cease to proliferate to the mature state. Our work (‘xtended over a 
])(‘i*i()d of three years. 

METHODS 

Etiolated Hdianilius seedlings, 90 hrs. old, p*own under controlled con¬ 
ditions (90 ])er cent relative humidity and 25° C) were emidoyed. At this 
a<*e the ])iants were a|)])roximately 45 mm. hiprh. From previous work it was 
concluded that the cells of the hypocotyl proliferate directly below the base 
of the cotyledons within a distance less thaii 2 mm. from the base of the 
cotyledons, and at a distance of 35 mm. the cells were certainly mature. 
A(‘cordin^ly the hypocotyl was divided into seven zones, each 5 mm. lonj»‘ as 
indicated in fljHire 1, and the osmotic quantities were determined for the 
cells of each zone. 

The methods devised and described by IJrsprunj*: (45) were followed in 
this w(mk. Our results do not refer to individual cells but to sections of spc*- 
cific tissues. Sucrose was used as a plasmolyzino* aji’ent, since it is better than 
any other a^ent (2, 20, 41, 51). It is well to remember when eomparin^* our 
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results Avilli those obtained by Riij^e (35) that be used dextrose as bis ajieiit 
in some of liis studies. 

For tlie determination of cellular dimensions the eyepiece micrometer of 



Fig. 1. Jlchatifhus seedling as used in the experiments. 

tile regular micu’oscope was employed, but for the dimensions of sections 
of tissues and variations of tbeir lengths a special ineasuriug microscojie was 
em])loyed in which the error was not more than zb 0.01 mm. 
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The order in which the various osmotic quantities were deteriuined was 
not tiie same as that followed in the presentation of the work. In the labora¬ 
tory the order was as follows: first the determination of the sizes of tlie cells 
in the normal state, while immersed in paraffin oil; and then the suction 
tension of the cells by direct measurement; the osmotic value at incipient 
j)lasmolysjs; and the osmotic value at saturation; together with the res])ec- 
tive sizes of the cells in the three states; finally the wall pressure Mas deter¬ 
mined. 

For the sake of clarity the data will be presented in the folloM’inji* order*, 
the cellular dimensions and cellular characteristics will be dis(*uss(Hl first; 
and Avill be folloM’ed by the osmotic value of the cell sap in the three states; 
and the suction tension of the cell as an entity; finally the Mall piv^sure mmII 
be discussed. 

CELLULAR DIMENSIONS AND CI1ARACTER1ST1C\S 

Discussion of the Cells and Their Walls. Before discuissiim the osmot ic 
quantities of the cells at different aj»‘es it is M’ell to have a clear understand- 
inj»- of the };>eneral apyicarance of the ])lants M’hich Mere em])loyed and the 
sizes and characteristics of the cells at different stages of development. 

Fn fij^ure 1 a diajiram of a typical seedlin<»‘ is j>iven. This may mcII Ix' 
taken as a diagram of tlie averaf»'e form and size of all that mth* used. Care' 
Mm taken to draM’ it exactly to size from a sj>e(um(‘n that Mas cousider(‘d the 
average. 

The smaller diameter of zone 1 is characteristic. Under the conditions of 
culture the seedlin<»‘s M'cre etiolated and the carotene and xanthophyll Mere 
chiefly located in the cotyledons and the u])permost rejiion of the h\ pocotyl. 
The rest of the hypocotyl is o])aloid. No effort Mas made to determine 
Mhether the i)if>ment deteriorated Avith the enlar<»ement of the c(‘lls or 
M'hether it Avas merely masked by the total reflection of li^ht in th(‘ inter¬ 
cellular spaces formed in the cortical tissue as the hydrostatic i)ressui-e of 
the cells increased in that tissue. Since it has been su^-^ested that the caro- 
tinoid i)if>:ments may be a part of the respiratory mechanism it is desirabh‘ 
to investij>:ate the possible correlation of pi{»:ment production and cell en- 
larjicment. If these i)i^>ments affect the auxin activity in the ])rotoplast, cell 
eidarficment may in turn l)e influenced by the j)resence or absence of these 
pi»*ments (8, 9). 

It Avas not considered necessary to study iT<*ions Avhicli lay fui’ther re- 
moATd from tlie cotyledons than 35 mm. Fiecause beyond 25 mm. the cells 
may be considered mature, as M^as shoMUi by Beck and Donnelly (13). 

It is important in such studies as aa^c have in hand to recopiize the distri¬ 
bution of the fjroMdh zones, hence a A^ery careful study of the dimensions of 
the cells in each of the seven zones was made and the results are recorded 
in table 1. 
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Tlie leiiptli of the cells was determined with the aid of the eyepiece 
micrometer. The determinations were made at three points in each zoik', the 
uppermost, the lowermost, and the midrejrioiis, and the average of these was 
recorded in table 1. It was considered sufficient to determine the lenji:th of 
the cells as an exj)ression of their enlarj»*ement, since actual measurement 
proved that the diameter of the cells was almost the same in all seven zones. 
This is Ill a<i'i*eement with the fundamental rule that was first sujif^ested by 
Czaja (IfiJ and verified by Ru<»e (85) for the liypocotyl of Ilclianiluis seed- 
liii«>s, and nas further confirmed by Bor<»str()m (17), that the cell walls <»tow 
in a i)olar manner incr(*asin^‘ their mass in the lateral Avails but not appre¬ 
ciably in the ti’ansverse. Since the dev^elopment of the stoniatal (*om])lexes 
distorts the iieij^hboring* i‘(*lls, these regions AAore avoided. No particnilar diffi- 
(*ulty was exptu’ii'iK'ed in the study of the ('ortical cells. 

Tin* i*ells (lii’ectly beneath tin* (‘Otyledons were compressed in ‘general 
appearanc(*. This i*e^‘ion did not ext(‘nd much b(‘yoiKl 1 mm. and certainly 
not beyond 2 mm. This is evidently the zone of cell proliferation, and the 
region in which auxin is ])roduced. The auxin which is present in the remain- 
in*; 8 mm. of zoin* J, in Avhich the cells have he^un to enlarjie, is jirobably the 
auxin Avhiidi Avas formed in the uppermost 2 mm. and is in the jiroeess of 
transloi'ation (12). 

>Sin(‘e tin* cells of zoin* 1 are jiossessetl of a relatively small cell sap cavity, 
AA'heii it is not <‘iitirely la(*kin<»‘, reliable fij*ur(*s re^ardiii^' osmotic (piaiitities 
can hardly be expect(‘d. Our residts are, hoAvever, included in the table for 
tliesake of ('onipletein*ss. In an effort to interpret the results it must be borne 
in mind that the forces refer ])redominantly to the j)henonieiioii of imbi¬ 
bition in this zone. Plasniolytic methods aaIicii ajijilied in very \ oinij;’ cells 
yield more or l(‘ss doubtful results for another reason; namely, that the 
iindevelojied cell Avails hndv elasticity and ri*>iidity, so that Avhen they are 
expanded beAond the limits of elasticity ni any operation, they do not 
readily recede AA’ith the ])rotopla.st Avhen an attempt is made to ])lasmolyze 
the (*ell. It A\as for this reason that Ovei-beck (80) and Oppenheinier (2fl) 
criticized rrsprun<;'s method of determinin*; the suction tension. To avoid 
any siniilai* error Ave modified rrsj)runj»’s strip method. After first deter- 
minin*»' the suction tension by t Tsprun^'s orifiinal method in order to obtain 
thi*eshold a allies, Ave made as many inde])endent sections as Ave deemed neces¬ 
sary, and immersed them simultaneously in graded solutions above and 
beloAV the tln*eshold A’alues. Each strij) Avas immersed only once in a solution 
of siiecific concentration. The size of each stri]) Avas determined before im¬ 
mersion and a^ain after immersion. The solution in Avhich a strij) failed to 
alter its size AA\as evidently in e<|uilibruim Avith the cells. In this manner the 
possibility of stretchiii<»’ the Avails beyond the limits of elasticity Avas avoidi*d. 

In vioAv of the fact that there is some discussion re*>ardiii*»: the manner in 
Avhieh the volume of the (*ell enlarjres, i.e., Avhether it enlarges by the insertion 
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of new material or whether only passively by a process of stretching* it be¬ 
yond the limits of elasticity under the stress of the hydrostatic pressure from 
within, it was thou^dit well to measure the thickness of the cell wall in the 
different zones. IJnfortunatel.y w'e were not equii)ped to do this with suffi¬ 
cient exactness, sin(*e our instrument error usin^ the eyepiece micrometer 
was too j*:reat. We did, however, make an attempt to get what information 
we could by this method. 

Frey-Wysslinj? (22), employing the double refraction method, proved 
that the cellulose chains of the cell walls of grasses shift during certain 
phases of growth. Ruge (36), employing the same method, concluded from 
his experiments that such shifting of the chains occurs in Hchanthius seed¬ 
lings in a zone about 4 to 5 mm. long directly beneath the cotyledons. A(*(*()r(l- 
ingly he holds that in this zone the cell wall is stretched beyoiul the limits 
of elasticity by the inner hydrostatic pressure. Our own less exact methods 
lead to the same conclusions. This conclusion is probably true in the lower¬ 
most region of the first zone. The fact that the diameter is less in the first 
zone than in the rest of the hyimcotyl is in agreement with this conclusion. 
It was evident to us that the walls of the epidermis be(*anie thinner as growth 
proceeded in the first zone. In the older zones the (‘ell wall became Ihicker 
progressively. In the cortical tissue it was more difficult to come to a decision, 
but there were no contradictory data to prevent us from agrc^eing with Huge, 
that in the very young cells not much material is added to the cell wall by 
the f)rocess of intussusception, but at a distance of more than 6 mm. from the 
base of the cotyledons there is evident growth of the wall by intussuscep¬ 
tion (36). 

The ])articipation of turgor in the process of growth by cell enlargement 
has long been a subject of discussion. In 1!)24 Urspriing and Blum (47) 
pointed out that turgor is least in tiie region of gi’oatest growth. In our 
studies we have found that turgor, or its e(|uilibrant the wall pressure, is 
least in this region, but not least at the point of inflection of the growth 
curve, that is at a distajice of 6.5 mm. from the base of the cotyledons (10, 
14). Tji our vStudies of wall pressure ^^e have found that the value is least 
at a distance of 20 mm. from the base of the cotyledons in the e])idermis and 
at a distance of 15 mm. in the cortical tissue (see figure 5). 

Contraction and Expansion of the Cells. The contraction of normal 
cells when ])lasniolyzed is very interesting. It was determined by direct 
measurement and the results are recorded in table 1. When the size of the 
cell^t incipient plasmolysis was plotted against the distance from the base 
of the cotyledons the curves for both tissues were found to be ty|)ical growth 
(uirves just as was found to be true for the cells in the normal state (10, 14). 
This is clear evidence that the walls grow actively, since the walls were not 
thinner in older than in younger cells, and therefore there could not liave 
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been more stroteliinf? beyoiui the limits of elasticity. Tlie i)er <‘eiit contraction 
is not the same for tlie two tissues and does not vary from the avera<>e so 
mucli in the epidermis as it does in the cortical tissue, an evident indication 
that the nature of the wall is not the same in the two tissues. The epidermis 
shows least ability to contract in the second zone and greatest ability in the 
third, fourth, and fifth, and then definitely declines in the sixth and seventh 
zones (see table 1 and figure 2). The cortical tissue afso manifests a low 
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Fig. 2. Variation of tin* sizes of tlic celJs from tlie normal, expressed in iier cent, at 
])lasmolysis and saturation for the seven zones. 
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ability to contract in the first zone, but then rises to a maximum in the third, 
after which there is a steady decline in the older zones where it is lower even 
than in the epidermis. From this it may be concluded that in the older zones 
either the cells in their normal state lack water (0„ and bein^* nearly 
equal mi<>:ht indicate but not prove as much; see table 2) or the walls cannot 
contract much in the two tissues because of the lack of elasticity. Since the 
suction tension is relatively low in the older zones there can hardly be a lack 
of water, so that the low ability to contract must be ascribed to the nature 
of the wall, i.e. in zones six and seven the epidermis becomes rather ri^id, 
aiul the cortex becomes more ri^id as early as in the fourth zone. 

The expansion of normal cells when placed in water was also determined 
by direct measurement. The cortical tissue shows con>siderably jireater ability 
to expand tlian does the epidermis, ])articularly in the uppermost five zones. 
This is not difficult to understand from the resj)e(dive structure and func¬ 
tions of the two tissues. 

The ability to exi^and decreases temporarily in the first three zones and 
rises to a secondary hi<»li iu the fourth, and thereafter decreases steadily. 
In the cortical tissue the ability to expand is unusually hi”h in the first zone 
and sinks temporarily in the second zone to rise in the third zone to a secon¬ 
dary lii^h, after which it decreases rapidly to the all low iu the mature cells, 
almost ecpial to tlie low of the epidermal (‘ells. It is interesting* that the ability 
of the epidermis to exi)and is low in the third zone when it is hi^h in tlie 
cortical tissue, which indi(*ates that tlie development of the cell walls is not 
identical in the two tissues. 

The ability to couti*act is a safer indication that the wall is elastic* than 
is the ability to exjiand : if the wall will neitlun* (‘ontraet nor expand rc^adily 
it is evident that the walls are ri<rid. If the walls expand r(*adily, but do not 
contra(*t readily the indication is that the walls are plastic* and that the water 
supfily has not been sufficient to allow furthcu* exjxansion (otherwise they 
should be stretched bc^yond the limits of elasticity), either because the water* 
had to be raised in the jxlant ajrainst the force of gravity, or b(H*ause tire 
potential difference between neighboring suction tensions was not sufficient 
to allow water to flow readily into the cells. If there is a fair degree of ex])an- 
sion and contraction as well, the indication is that the wall is neitlier plastic 
nor* rigid, i.e. moderately elastic. 

Interpreted in this sense our data show that the (*pidermis is very plastic 
in the first two zones, less so in the succeeding onc's. In the third zone the 
contraction is high and the expansion low, accordingly the elasticity is high. 
The elasticity is maximum in the fourth zone where both contraction and 
ex])ansion are high. In the more mature epidermal cells both exjransion and 
contraction decrease; that is, the wails are evidently more rigid. 

The cortical tissue develops somewhat differently. The degree of contrac¬ 
tion is low in the first zone where the extensibility? is high, indicating great 
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plHsti(‘ity. hi tile third zone botli the expansion and the eontraetion are hijzh, 
i.e. inaxiinnm elastieity exists. From this jioint on the expansion as well as 
the eontraetion deei'ease steadily, elearly indicating’ that tlie walls are becom¬ 
ing’ ri^’id. 

From the i*(‘sj)eetive values for the two tissues it is evident that the 
cortical cells have far less rij 2 :id walls than do the epidermal cells, which is 
as mio’ht be exjieeted from a consideration of the respective functions of the 
two tissues. 

Jt is pai’ticularly interesting*’ to study the dia<ii*am in figure 1. Tn a^ree- 
nient with the macroscopic determination of the diameter of the hypocotyl 
in the first zone, the cells in this zone are always somewdiat less in diameter 
than the cells of the older zones. Only well alon<i‘ in the second zone is the 
nearly (*onstant diameter attained. ]f it is assumed that the w^alls are plastic 
and that the osmotic tui'jior develops slowly and the suction tension, never¬ 
theless, ]•emains hi^h, it is evid(‘nt that the hij^h suction tensioji is due to the 
ind)ibilion of the ])i-oto])last and is essentially non-osmotic in nature. 

Characteristics of the Protoplast, (a) (irudu nis. There is a charac- 
t(*ristic ^’I’adient of viscosity in the protoplasm of the cell of the hypo(M>tyl 
of the seedlings, I'anjiinj*’ from the zone of cell proliferation to the enlar‘::ed, 
mature ('clI. We verified this by direct exp(*riment but are not listin}:’ our 
r(‘sults because tliey do Jiot show’ anything’ more than is already ivcorded in 
the literature by Stru^<**er (41) and Ku;»e ()15). There can be no doubt of 
this fact ju the i)articular (*ase of HvliunthHii seedlings. It api)ears to be a 
general fact that younji’ protoj)lasm is more viscous than oldei* ])roto])lasm, 
siiK'e it was ])]-oved in al^ae and fun^i as well as in various organs of the 
higher ])lants (18, 2(i, 34, 49, 50). 

It IS <»enerally admitted that ])rotoplasm is a com])lexly built mixture of 
hydro])hilic (*olloids and we are accordm<»’ly justified in applyinj^’ to it the 
princij>les of colloid (diemistry. Physi(‘o-<'hemical ex])erinients have showm 
beyond rc^asonablc doubts that the relative viscosity of a sid)stance is a o’ood 
indicatoi' of its relative colloidal state. A knowledjic of the changes in vis- 
('osity of the pi’otoplasm, such as are indicated by the <>’radient manifested 
in the develo])in^* cells of tin* sunflow’(*r seedlings, aids in a better uiidei- 
standin<i’ of chanjzes that occur in the colloidal state of the proto])lasm. 

The viscosity has been broim’ht into correlation witli fi’rowth and ^^roAvtli- 
promotinj*' substances })y Striijz’^er (42) employing*’ the liypcx'otyl of lldl- 
(iNlhus seedlin«>’s, Avho found that the youn<»' cells of tlie stretchin»r zones 
re(|uire a <»’reater length of time for the ]n'oto|)last to become rounded otf in 
a plasmolyzin^’ solution than do mature (‘ells, and he concludes that they 
conse(iuently jmssessa hijz’her internal non-osmotic pressure expressinji’ itself 
by a ji'reater viscosity. Ku.u’e (35) obtained similar results. We rej>eated these 
experiments and obtained similar results. From the facts recorded in the 
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literature it is evident that we can express ourselves re{>ardin«' the character¬ 
istics of the protoplasm in the seven zones of our seedling’s such as its 
swelling' ability, its stability, and its electrical charge. The swelling power 
of the protoplasm is considerable in the first zone and negligible in the 
others; there is a definite gradient from the younger cells to the older ones 
which is termed the plasmolytic gradient. This must, of course, be borne in 
mind when interpreting our results, since no effort was made to distinguish 
between the suction tension which is produced by the suction tension of the 
cell sap (due to osmosis) and that produced by the suction tension of' the 
pr()to])lasm (due to imbibition). Bennet-CMark, Greenwood, and Barker (16) 
considered it possible that active ‘‘secretion” of water takes place froin the 
protoplast into the cell sap cavity, but it would hardly be justified to con¬ 
sider the increment of water in the cell sap cavity as a kind of synaeresis, 
since there is active production of solutes as the cells grow older (10, 14). 
No doubt, the cell sap concentration must bear some relation to tlie viscosity 
and tlie colloidal state of the protoplast, so that the ])roto|)lasm is constantly 
in dynamic ecpiilibrium with its acpieous environment. 

Pfeiffer (81, 32, 33) proved that a definite d(‘gre‘e of viscosity in tin* (‘vto- 
plasm is correlated with a definite electrical charge of the i)lasma colloid. 
When the electrical charge is changed then also an electro-viscosity effect 
must follow. The growing and non-growing cells an" ac'cordingly character¬ 
ized by this, that the variations of the plasma ampholytes from the iso(‘lectric 
l)oint (I.E.P.) are different. The mature cells are “fixed.”- There is siiffi- 
(dent experimental evidence in the literature regarding tlie (dl gradients in 
relation to the differentiation of tissues to warrant the emi)lo\ment of the 
“plasmatic gradients” as visible expressions of the cll gradients which 
I)ro(‘eed in the same direction (24, 25, 37, 38). 

The established cll gradient is significant for anotlier reason, namely 
that it suggests a correlation of growth by cell ]n*oliferation and (*ell enlarge¬ 
ment. It is well established that there is a diffej-eiice of electrical potential 
between! the* chromatin of the nucleus and the cyto])lasm; the nnedeus being 
electro-negative and the cyto])lasm electro-positive. Since cell ])re>liferation, 
which is known to be rhythmic, ceases in the hypocotyl a short distance from 
the base* e)f the cotyledons, aiid cell enlargement occurs in a graded manner 
parallel with the viscosity and the cH gradient, and is also rhythmie*, the 
whole ])rocess of cell enlargement, AvJiich is known to be induced by natural 
auxins and heteroauxins (which are charaederistie'ally acid in redaction) must 
be redated. It is extremely difficult to consider the function of the cliromatin 

^ Itccause* of tlu* jmij)liolyte iinturt* of the prot<»pln8t a criticiel point iinist he reaelied 
at a very de^fliiite hydrogen ion eoneenitration, in vvliieli tlio nninher of anions and cations 
is the same in their minimum. At the i.soel(*ctric imiut their cTI is zero, in which there¬ 
fore the electrical charge of the colloid is zero, and the number of ntnitral particles is 
maximum (cH-0 at I.E.P.). 
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from a j)iUTly material (‘oiU'C'pt basis witlioiit oricMitatiii^' Tom's, 

(lirertod outward from bio-molecular elc'ctro-ma^oietic fields. 

(b) DiscHssuni of fhc (^hdracfrrisfics. Thei'c* can be no doubt about tlu' 
^'eu(‘ratiou of auxin in 1li(‘ zone of cel! prolifei-alion. The luaumu* in which 
it acts to ('ause (‘c'll (*idar«‘(‘ment and its Iranshx'ation are not very clear. 
How ^'i*avity influeiu'C's the auxin is particularly obscnire; if it occurs in the 
form of pure solution jiravity cannot affecd it, and if it is not in pure solu¬ 
tion its ti*anslo(*ation by diffusion bec'omes impossible. TIk'sc* facds su^’^c'st 
that the auxin exc'n-ises its inliuence in a manner comparable to tliat of 
'‘evo(*ators” (27) 

Auxin must definilc'ly be n'^ardc'd as a phytohormonc' and conse(|nently 
spc'cificity, such as is attributed to bio-re<»ulators lu ‘»en(‘ral. must chai-acder- 
ize it. One of the outstanding' marks of j)rotoplasm is its spc'cntii* abilit\ to 
synthesize asymmeti’ic' (‘ompounds in wliich the atoms of the nioh'cules ai-e 
arran^'c'd in a spc'c'itic* asyinuu'try that (‘annot be dujilic'atc'd in inorjianic' 
systems. Asymmc'try jioints to a labih', dynamic, spatial arranjz'cmient of the 
atoms in the molcMudc', and the ajiin^ of cells may be rejiarded as a ti'end 
towards stable ecpiilibrium within tlie bio-molecuh*s. The more unstable tlu' 
molecule, the greater th(‘ free* enerj»‘\ contc'ut. Tlu‘ force's c'XC'rcised b\ hijihly 
labile asymmetric' moleeudes of tlx* younji proliteratinji’ ('(‘11s dij-ec'tly beneath 
the ('otyledons, throujih tlx'ir asymuudrx-indm'in^* en(*r.u\ upon o1h(*r mole- 
('ules, may be assnm(‘d to ])la\ a V(‘ry important i‘ol(‘ in mfliKMK'int!* the 
ji'i'owth of th(* older ('ells by ('ell (‘nlai*<:ement, lln* matc'rial (‘xpression of this 
would be the foi'ination of auxin. 

Sc'ience has traveh'd far siiu'c' VaiTt llofl* and Lelb*! laid tin* foundations 
foi- tlie s('ienc(‘ of ster(‘o-(‘hemistr\, The Naleiu'e in a material is no longer 
('onsidered in a mec'hanical manner, but is linked to its confi«»uration of 
(‘l(‘ctrons and its syst(*m of vavc's. The ])henomena attc'iidinj.!' the asymmetric 
or<»auic molec'uh* arc' far more iradily int(*rpi*('t(‘(l b\ iiK'ans of the ('lU'rjiy 
('oncepts of modern atomic* tlu'ories than by means of the older thc'oric's of 
the ('lassi('al jihysic'ists. TIk' cll j^radiemt suj»'<j:i'sts that the “tri^’^er enerjiy’^ 
which dirc'c'ts tin* process of ('(*11 enlar»»(*ment, rc'sub's in the chi*omatin and 
that it is maximum in tin* \ o\iw^ c(*lls and minimum in tlu' mature' ('ells. It 
is particularly sij.jnific'ant in ('onsidei-ation of this possibility that auxin is 
acid in reac'tiou. Wh(*n the cells are too far r(mi()\e(l from the source' of auxin 
and the ('le'ctrical i)ote'ntial ditfe'reiu'e bedwe^n the nucleus and the cytoplasm 
of mature cells is small, and the “trij*<i'e'r enei'^y” is sjx'iit, a state of eepii- 
librium is jirodiice'd, so that the activity of the cell is nearly i)ure'ly ])hysi('al 
and the osmotic epiantitie's are* more involve'd in the* functioning of older c'clls 
than in the younji'er. 

These notions are helpful to a better unelerstanelinji* of the evident ('ori*e- 
lation of cedi jiroliteration and cell e‘idar<*('ment, the e'videmt dependene'c* of 
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both on mitosis, ami the iiifliienee of the ehromatin on the phenomena aeeom- 
panyin^* jiTowtli. They also lielp to make it clear tliat the nnelens is indis- 
])ensabJe for the pliysiolojiieal activity of the ceil in pi’(*neral, and j»TOwth by 
cell enlar^»’ement in ])articular, ft is sn^«ested accordingly tliat the natural 
auxin has its source in the nucleic acids and depends on the mitotic activity 
for its production. Also that its bio-re^ulatiii<»: effect depejids upon its power 
to direct the formation of specific asymmetric structures within the ])roto- 
])lasm and that this effect is inductive and need not necessarily be conducted 
to exercise its influence. The induction mijrht well occur electro-ma<»netically. 
This vi(‘w ]-eceives encourap:ement from the fact that so many different kinds 
of orjj*anic acids can exercise an effect similar to that of auxin upon plant 
cells. It is doubtful if thcs(‘ acid ajrents jiroduce exactly tlie same physiologi¬ 
cal effect as does the natural auxin, but tlieir a(*id nature can influence the 
jirotojilasm in such a manner that ^n’owth by cell enlarj^ement is simulated. 

THE OSMOTIC VALUE AND THE EQUIVALENT SlU’TlON TENSION OF THE 
CELL SAP OF CELLS IN THE NORMAL, I'LASMOLYZED, 

AND S VrUKATEI) STATES 

The concentration of the sap, wliich contains or<»anic and inor^’ani(‘ 
solutes, is not the same for a jiiven cell in the normal, plasmolyzed, and 
saturated states. The coiu'entrations in the three states are symbolized by 
(0,J, (On), and (O^), resiiectively, and are express(‘d numerically in fum*- 
tion of the (‘oiu'entratioii of the plasmolyte which has the same osmotic pres¬ 
sure. The siK'tion tensions whicdi are ecpiivalent to the (*on(*(*ntrations (()„), 
(On), and (Os) are symbolized by (Si„), (Si^), and (Sis), respectiv(‘ly, and 
a!*e exfU’essed in atmospheres. 

ft is evident from the nature of the j)rocess enijiloyed that for a j*iven 
cell or tissue: 

> On > O,; and 
Sin > Si„ > Sis. 

This fact is well illustrated by our reconled r(‘sults (see table 2). 

Weber (51, 52) i)ointed out that the normal f)ermeability of the proto- 
plasni is changed })y ])lasmolysis wlum certain ])lasmolytes ar(' employed. 
Tie speaks of ‘^ plasmolysis iiermeability.He and Strujij»er (42) a^ree with 
Heck (2) that when sucrose is eiipiloyed as a plasmolyzin^* aj^ent there is no 
imiiKMliate influence exerted upon the permeability of tln‘ protojilasm. Our 
experieiK'e in the jiresent work is in accord Avith this view. 

The time necessary to produce inci])ient plasmolysis was found to be 
f>i-eater foi* youn^* c(‘lls than for older cells. This became particularly evident 
when, after a number of trials, the concentration which ])roduced incipient 
plasmolysis was determined, and then frt^sh tissue was ])lacod in the su^ar 
solution of that concentration, which was a])i)roximately the correct Og 
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value, aiul the time re(juiml to prodiiee ])lasiii()lysis was determined. We did 
not into tin’s matter as tlioroujrhly as others, but we ean safely state that 
yonn^^ eells reijnired more time to become plasmolyzi'd than did mature (*el1s. 
When exeessively liijili (‘oneentrations were employed, the i)rotoplasts of the 
yoniij? eells beeame i)lasmolyzed in a shorter time than in the nearly eorrecd 
(),r eoneentration, but the form of the plasmolyzed ])roto])lasts was not con¬ 
vex, as it normally should liav(‘ been. If suffieient time was allowed, howevei*, 
the ‘S*ramped plasmolysis^’ form, as Weber calls it, chantied to the normal 
(‘onvex form. This fact indicates that the protoplast of youn<>' cells is more 
vis('ous than that of mature (*ells. It is also evidenee that the jU'otoplasm of 
y(MUij!: develo])!]!*** cells is in intimate union with the cell wall and in the 
pnx'css of plasniolysis is torn away violently at many points, but remains 


2. Th<‘ (\nicrufration and Iho Suction Tnision of Ihr Cell Sap in the Xoi- 
mal, ldaj<motij::rd, and Saturated States^ Erpressed //< .Vo/.v and Atmos., Erspcctivelip 
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attached at some ])oints. These facts suj*’j»'est that in careful work in which 
the plasmolytic method is employ(*d, the final readinj^s should be det(*rmined 
with solutions which are not far r<*move<l from the true concentration, 
and sufficient length of time should be allowed for evident convex plasmoly- 
sis These j)re('autions were taken in our work, and we feel certain that th(‘ 
protoplast was not injured as the residt of violent treatment. We found that 
mature cells usually did not recpiii’c more tlian ten minut(*s to |)lasniolyz(‘ 
but yoiin^^ i*ells sometimes risjuii-ed thirty minutes. 

SijK'e, as was ju'eviously d(*.sci*ibed, the volumes of the cells at incipient 
plasniolysis, in the normal state, and in tin* saturated state are known, it is 
not difficult to calculate the concentrations of the sap in the normal and 
saturated states from the concentration in the state of incijiient plasniolysis 
by the methods described by Ursprun^’ (45). The ecpiivalent suction tensions 
can be obtained from the table of TTrsprun<*’ (45) in Avhich the eipiivalent 
concentrations and osmotic jiressures are listed for sucrose. Tiie i*esults 
which we obtained are ‘iiven in table 2. 

The Osmotic Value at Incipient Plasmolysis. This (piantity exjiressi's 
the concentration of the sap when the protoplast has sli<>htly receded from 
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tlie ooll wall in (*()nse(|ueiioe of the contraction produced m it by exosmosis 
after liaviii^ been placed in a liypertonic supir solution. When tlie value is 
expressed for a tissue it is understood that fifty j)er cent of the cells are in 
the state of incipient ])lasniolysis. 

Normally the semipermeable ])rotoj)last is in contact with the cell wall, 
which is permeable. When the protoj)last is distended by the hydrostatic 
j)ressure witliin, it usually presses a<»ainst the cell wall with sufficient forc(‘ 
to distejid the (‘ell wall, |)rovidinj»’ the wall is not too rijiid. Jf the internal 
pressure is relieved, not only does the ])rotoplast contrac't but also the dis- 
teiid(Ml wall. Evidently a ri^id wall wjII not contract, nor will a ])lastic wall 
which is devoid of all elasticity. An elastic wall will (*011 tract to a decree 
commensurate with its dej»‘ree of eIasti(*Jty. From th(‘se (‘onsiderations it 
be(‘omes (*lear at ojh'O that the ca])acity of the mature (‘ell does not dilffU’ 
much from its (‘a])acity iji the state of ])lasmolysis if the wall is i‘i<iid because 
the proto])last leav(*s the wall as soon as it begins to (' 0 ]itra(‘t. The jdastic 
walls of y()un»‘ (‘ells, such as those in the first and second zones of our ])lants, 
do not recede much be(‘ause they lack elasticity. It follows that c(*lls with 
elastic walls manifest a j»reater differ(m(‘e betw(‘en ()„ and than do cells 
with ri^id walls or such cells that have plasti(‘ walls which are readily 
stret(‘he(l beyond the limits of elasticity. Even though the value O^^-On <'au 
pfive some indication of the natur(‘ of the wall, an e.xact ('xpn^ssion cannot 
be expected because tin* (‘a])acities of the normal cells in the difi'erent zom^s 
are not (iomparable. Our and ()„ data ap])roxiniately indicate that both 
the e])i(lermis and the cortical tissues are most (‘lasti(‘ in the third and fourth 
zones. 

In our present study the osmotic value at incii)i(‘nt ])lasm()lysis is oT little 
value in determ in inj^ the i)hysi()loj*ical effects of growth in the various zoiu^s 
because of the (*x(‘essive number of variabh»s which are involved; this fa(‘t 
makes comparisons practically impossible. This (hx^s not, ^)f (‘ourse, mean 
that in general, all other things beinj*’ (Mpial, the variations cannot serve 
as indi(‘ators of the variation in the ])hysi()l()<»'ical activity of the protoplast 
in response to (*xternal factors. As Beck (4, 5) sliowed, the O^r is aj)i)reeiably 
affect(xl by certain external factors which indicat(* a ])hysioloj**i(‘al reactioii 
in the y)rot()plast. 

The values which we obtained for tlie corti(‘-al tissue are (‘.onsistimtly 
lower than those ^iven by llujre for tlie same tissue. The lack of li»ht and 
relatively hi^h humidity (conditions which imevaihxl (constantly in our 
experiments (but not in Kujre’s) tend tb lower the O^r, so that the order of 
our data is as nii<iht be expected. 

Be(‘k (5) showed that the tissues of lierbaceous ])lants have lower O,, 
values than do woody ])lants. The relativ(dy low values whiyh we obtained 
in the presimt experiments are in accord with this fact. The average values, 
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0.244 mo), for the epidonnis and 0.354 mol. in the cortical region, are just 
what mijrht be (‘X])ected in tender sunflower seedlings jirowii under the jiiveu 
conditions. 

Oj. for the ei^iderniis in zone 1 (0.28 mol.) is Id^h comiiared with the value 
for zone 2 (0.25 mol.). Many trials ^ave this hijrh value consistently. The em¬ 
bryonic state of many of the cells of zone 1 account for this. In this zone the 
youngest cells i)lasmolyze with difficulty because the cell sap (‘avily is small 
and the water n])take in the embryonic and slightly deA’elo|)ed cells is mostly 
due to the imbibition of the protoplasm itself. 

When an attempt is made to pla.smolyze very younjj:’ cells a plasmolyte 
of relatively hijili osmotic pressure must be emj)loyed to overcome the imbibi¬ 
tion of the ])rotoplasm so that the value obtained for zone 1, \vhich is an 
average exi>ression for the entiri* zone, in(‘lud(‘s the results obtained with 
embi‘youi(' cells wlindi (-aniiot have a tru(‘ osmolic value and yonnji: cells 
havinji a small vacuol(‘ in whi<*h the protoplasm still has a hijrh de«»ree of 
imbition.’* Thus it is (*lear that the value (0.28 mol.) which was obtained 
by the methods which are l(*^itimate for older cells, but not entiridy reliable 
for very younji’ cells, is naturally relatively hijzh but involves foiv'cs that are 
non-osmotic in nature. The same may be said for the cortical c(‘lls in w'hich 
the foi* zone 1 was 0.407 mol. 

The O^. jzradient in both the ejiidermal and cortical tissue is in the direc¬ 
tion of tlu‘ movement of the water in tin* plant. Tin* ditfertnu'e Ixdw’een the 
values of the oldest and youn<»‘est cortii'al ceils is <ireater than the difference 
for the corres])ondin<.i' epideianal cells (see table 2 and figure 3). It may be 
thoujiht that jiradients similar to the one found in our seedlings must lu'ce.s- 
sarily exist in all plants. It is, hoAvever, a fact that many authors i^ive data 
for varicuis kinds of ])lants, where the (),, gradient is not in the direidion of 
th(‘ .streaming of tin* water in tin* ])lant. The data as ^iven by them ar(‘, no 
doubt, correct and not difficult to under.stand when it is ivmembered that it 
is not th<‘ Oj, .uradient whiidi decides the direction in which the water shall 
flow^ but the <.»i*adi(*nt of the suction tension of the c(‘ll (Sz„). 

It must, fui*tlH‘rmore, be remembered that it is not to be concluded from 
the data i^iven in table 2 that the (),. of the older tissues is low' be(*ause the 
normal influx of water was jireater than the amount of solute which was pro¬ 
duced durinji’ the proi-ess of ('ell development, because l>e(‘k (10) showed that 
in epidermal cells of strictly comparable ])lants the ]>roduction of solute is 
dire(‘tly jirojiortional to the ^row'th of the c(*lls. Be(‘k, Lonsiu”, and Andrus 
(14) showed, in strictly comparable plants, that this is also true for the 
(‘ortical c(‘]ls. It follows that the lower value in the older cells cannot be 
ascribed to a lack of the ])roduction of solutes, but must rather be ascribed 

‘ 111 this (‘onnoction the* cxperiem*(* of Woher (52) and Stru^ger (42) should lie 
r(*('all(‘d. They proved that tlie viseositv and imhihition jiressiiie is maxiimim in the young' 
est cells and decreases as the‘cells develop. 
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to the increased capacity of the older cells and the changed conditions of 
the cell wall, particularly its increased rigridity. 

Beck (5) showed in tests which he made on many })lants lliat the Og of 
the epidermis is always lower than the of tissues that lie within. Our 
fij^ures are in ace.ord with this fact. The difference between the values 
found for the cortical and epidermal tissues is jrreater in youn^* zones than 
in mature zones (see figure 3). These results indicate that in ^i‘eneral the 



Pio. 3. Difference between the ejnderinal and cortical sa^j concentrationn; 0„, ()«, 

correlated with the age of the tissues. 


cortical cells can change their volume considerably more than the e])iderinal 
cells can during the process of plasmolysis, at least in the first five zones. 
This would indicate that the cortical tissue is a more dynamic* tissue than is 
the epidermis. No doubt, the fact that relatively more solute is produced in 
the cortical tissue than is produced in the epidermis, is also a factor whi(*h 
must be borne in mind in comparing the 0^ values for the two tissues. As a 
matter of fact the thickness of the wall is greater in the older epidermal cells 
than it is in the older cortical cells. In this connection it is interesting to 
note that in zone 3 the hypocotyl takes on an opalescent appearance, while 
in zones 1 and 2 the general appearance is more waxlike. The opalescence is, 
no doubt, the result of the total reflection of light caused by tfie intercellular 
spaces of the cortical tissue that are formed, as the result of the hydrostatic 
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pressure of the individual, cylindrical cortical cells, which are only in tan- 
frential contact. This may be taken as an indication of the dynamism of tlie 
corti(‘al tissue. 

Concentration of the Normal Cell Sap (0„). This (juantity expresses 
the concentration of the cell saj) as it actually occurs in the plant at the 
time when the tests arc* made. It is symbolized by On and is expressed in 
molar concentration. It must not be confused with the osmotic value at in- 
cif)ient plasmolysis. This value can chan<»e rapidly iji resjamsi* to external 
facdors without necessarily sufferin*’: a chan<»:e in tlie amount of solute which 
is present. In the ]nir1icular experiments under ('onsideration such fluctua¬ 
tion in response to external factors did not o(‘cur, bci'ause all the ])lants 
em])loyed Avere strictly comj)arable and the external factors which mi^ht 
influence the concentration of the sap were carefully controlled and wer(* 
aj^proximately constant. The r<‘snlts obtained are in table 2. 

The suction tension of the contents of the cell in the normal state (Si.J 
expresses the nejiative ])hysical pressure which is caused by the osmotic 
vii-tue of the solutes contained in the cell sap. Like* all other suction tensions 
it is ex])ressed in atmos])heres. The e(|uivalent concentration is the osmotii* 
value of the sap in tin* noi-mal state, and is exjmessed in mols; it is symbol¬ 
ized by ()„. Sin(*e both the (*one(*ntration and the suction tension of the sa]> 
in the normal state are userul in the comparisons and discussions for the 
sev(*n zones of the hy])0(*otyl of JlrJianUnts s(‘edlinj>'s they have been 
arrarificd in table 3. 

TABLE "I, Siirhon Tt itsiou (Si„) and Eifmrah nt Conrcntrafinn af llu Ct H Sap 
(0„) in flic Nat nial S1al( far Jlehantlins S< nlhni/s. 



K])i(lonnis 

1 (\)rtical 

Tnl). 

Zone 

(Si„) 111 

Atinos])lier(*s 

(0„) in 
Mol. 

i (Win) ill 

, Atino8])heres 

(0„) in 

Mol. 

T)ifP. of 

(Hi..) 

1 

7.3 

0.*J70 

11.37) 

0.407) 

4.07) 

o 

().()4 

0.24S 

1 11.14 

0.398 

4.7)0 

3 

().49 

().LM3 

I 10.72 

0.384 

4.23 

4 

(1.14 

0.228 

9.52 

0.344 

3.38 

o 

a.Oo 

0.227) 

9.37 

0.339 

j 3.32 

() 

(>.08 

! 0.220 

8.47 

0.309 

2.39 

7 

j (>.08 

j 0.220 

8.02 

1 

0.294 

1.94 


The normal suction tension of the cell as an entity (Sz,,) is not ^iven by 
the value Si„ because the wall ])ressure, and possibly some other vectors, tend 
to prevent an influx of water into the cell induced by the vector Si„. Si„ and 
Szu differ in scalar value but not in direction. The two (piaiitities usually 
vary in the same way. 

The suction tension of the normal cell saj) and the hydrostatic jiressure 
liroduced by the influx of water into the cell sap cavity affect the state of the 
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protoplasm. It is weJJ known that the protoplasm of apfing animal tissues 
loses water just as do hydrophilie colloids. In ‘•els the time factor is espe¬ 
cially apparent. It cannot be concluded from this, however, that the cell sap 
of developing** plant cells is the result of the af*'in«* of the proto])lasm hi these 
cells. The jirotoplasm of a^inj? animal tissues increases in viscosity, but in 
the protoplasm of plant cells, which }>:row by c(*ll enlargement, the viscosity 
decreases. For a review of the literature on this subject the reader is re¬ 
ferred to Struj>*j*er (42). Stru^*^*er proved coiu'lusively and ^ave experimental 
evidence that the plasmatic characteristics are distributed in a rej>*ular man¬ 
ner in the form of a plasmatic j»radient in leaves, roots, and shoots, and that 
these characteristics can be immediately correlated with the physioloj^ical 
zoning*. The plasmatic ditferences of the cells in the jirocess of enlar<*‘emetit 
consists in tlie significantly higher decree of viscosity of the protojilasm in 
the ^Towiiijr c(‘lls in comj)arisou with viscosity of tliat of the mature cells 
(42; see also Weber, 48). 

The production of solute must He regarded as an active physiological 
process (*oncomitant with other jrrowth ph(‘nomena indii(*ed by auxin. Beck 
(10) and Beck, Lonsin<i*, and Andrus (14) showed that in developing** cells 
of the hypocotyl of llcUanihus seedlin<>:s the production of solute in <>*rowinji’ 
cells is proportional to the j»*rowth. 

These findinj»*s indieate that the water which is available for the active 
protoplasm is of <»*reat importance for its o])timum physiolo<»*ical activity. 
The amount of water which may be withdrawn from the protoplasm without 
serious injury is limited. An excessive supply of water, which may be re- 
pirded as water]o<>*Ji*in^*, is not favorable for the i)hysiolo‘»*ical activity of the 
jirotoplasni, as was shown by Beck (11). The ()„ represents the concentration 
of the cell sap which is in equilibrium witli the active normal proto])lasm. 

It follows from these considerations that a knowledj^e of the On should 
])rove to be valuable, not only for our ju’esent ])urpose, but also for future 
com])arisons and studies r(*g’ardin<»: the physiolo<»*ical activity of developiu}** 
cells. 

Jlai)id variatioJis of the 0,, may not, however, be taken as indicators of 
physiological activities because changes in ()„ due to external factors occur 
very (piickly and are largely due to purely physical forces. In our exj)eri- 
ments there were no suclr I'apid changes either in the ()„ or in the factors of 
the environment. 

Many of the data ^iven in the literature for ()„ (sometimes confused with 
the quantity 0^) were obtained by cryoscopic methods. 8uch data must be 
recorded as averajre values for tissue complexes, organs, or entire plants, and 
are of little value in discussions ref>:ardinj? chanjji’es in the cells durin<>* their 
development. The data of Ursprunf? and Blum and of others who followed 
tlieir lead in the studj" of osmotic quantities Sin values for individual 
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cells find aA'enij^es for tissues obtained by ealculatioii from direct plasniolytic 
delernunations. These data ar(‘ better adapted for coinj)arative studies. Our 
data, ^'iven in table 3, express the avera<i‘(‘ value for the coi'tic'ai and ej)!- 
dermal tissues in tlie respective zones as indi<'ated. Since they were obtained 
by tile ])lasnio]ytic nudhods accordni^i- to tlie diirction of Ursprunji* and 
Idiini, and since the factors of the environment were controlled and all 
])lants were strictly (‘omparabh*, they can serve to indicate chan<!es in the 
state of the ^rowin^* tissu(‘s. 

The values for ()„ jiiviui in table d are relatively low when compared with 
valu(‘s of similar tissues ^iveii in the literature 1‘or matiin* jilants. This is 
not surj>rismLi' because the younj>‘ s(*edlin<*s were jirowui in li^ht sandy, moist, 
soil, and in air ot hit'll relative humidity at optimum temperature. It is wtII 
known that (*\t(‘rnal factors in jieneral influence the ()., and the Si„. Air of 
low’ relatne humidity, dry soils, and tempm-atnn's var\in<^- ^ri^atly from 
2r>'- (' tend to iiu'reasi* tliese (piantities (4, 44). 

Then^ is an almost i*(‘jiular but not sharp ^I’adient extending' from the 
oldest cells in the s<‘venth zoin* to the youngest in the tirst zone of tin* e]>i- 
d(‘rmis A similar, but (wen sharper gradient is (*vident in the ('ortical tissue. 

Si„ ^raduMits are, of (‘ourse, similar to the ()., jiradients and the numeri¬ 
cal e\pr(‘ssi(in of the (piantity in atmosjiheres makes the gradient more pro¬ 
nounced (7 b OS atmos. and ll.lfu-S.tkJ atmos. resjundively; see table .4), 
It (*annot be coiK'luded lejzitimately that such ()„ <iTadients in the flow’ of 
Avater in the plant must nec(*ssarily exist because it is not the (piantity Si„ but 
ratlim* the (piantity Sz,i Avhich decidi^s in Avhich diiH^ction the Avater will floAv. 

Th(* values of Si„ and ()„ ar(‘ (‘onsistiMitly higher in the cortical tissue 
than the\ are in the epidermal tissue. The differences are ^iA’mi in tin* last 
(‘oliimn of tal)l(‘ 4 (sei* also figure 4). These dilferen<'(‘s shoAV cb^arly that 
tlim-e is an Si,, oi-idituit and an ()„ gradient radially from the (^j)idermis to 
tlie (‘ortieal tissue. These ,i»radi(*nts must not be re^ardtHl as ])roofs that the 
Avater amII necessarily move from the epidermis to the (‘ortical tissue, since 
the Si„ and ()„ ditfereiK'i^s are not satisfactory indicators of a dilfermice of 
]>otential between any two cells or tissues. As statcnl above, it is the SZj, 
gradient w’hii'li is the deciding’ factor for the direction of the Ooav of Avaler. 
Other things ]>ein^' eipial, however, tlie <»radient as we find it favors a similar 
^radiimt for tin* suction tension of the cell Sz„ and tends to cause a floAV of 
water from the (‘pidermis to the cortical tissue. These tindinji’s, therefore, are 
in harmony Avith the view that the e])idermis tcmds to serve as a Avater reser- 
AT)ir. In ^*entu*al the values obtained favor the notion that the Avater fioAVs 
upAvard in both tissues and iuAvard from the ejiidermis to the cort(*x. The 
difference betAvetm the snidion tension of the sap of the tAvo tissues is con¬ 
siderably ^n'ater in the youn<»(‘st zone (zone 1) than it is in the oldest zone 
(zone 7) ; 4.07) atmos.~1.94 atmos (see table 4). This ji'reat difference does not 



582 


BULLETIN OF THE TORREY CLUB 


Woh, 70 


imply that the difference is etiually ^rreat for the suction tension of the two 
tissues. Later, attention will be drawn to the fact that the fi<»Tu*es for the 
suction tension of the sap and the suction tension of the tissues are of the 
same order, but not of the same mapiitnde, and that the difference between 
the suction tension of the cortical tissues and the epidermal tissues of the 
younj^est zones and of the oldest zones is actually considerably less (5.8 
atm()s.-4.2 atmos.; see table 4) than it is in the present case for the suction 
tensions of the sap in the same tissues. This indicates that the wall pressure 
in these two zones has chan<red considerably in the process of jrrowth. 

The Concentration of the Sap When the Cell is Saturated with Water 
(Os). This quantity expresses the concentration of the sap when the cell 
has been permitted to take in all the water possible, while beiiifr immersed 
in water. It is symbolized by O*, and is expressed in molar concentration. 

A considerable difference between ()„ and Os would indicate that much 
water can be absorbed by the normal cell wdien thus immersed, i.e. the suc¬ 
tion tension of the (*ell is not rapidly reduced by the influx of water, or in 
otJier words a counter-pressure is not rapidly set u]) during’ the influx of 
watt*r. From this it follows that under sucli conditions the cell wall does not 
develop an a])preciable wall j)ressure as the result of ex])ansion by the hydro¬ 
static pressure. 

When the difference (0„ - OJ is not jrreat it may be be(*ause the ca])acities 
of the cells are larj^e and the plant in the normal state can tak(‘ uj) water 
without considerable reduction of the concentration of the cell sap. In the 
present experiments the difference is small and the conditions are such that 
both tissues in the normal state are almost saturated. One may not us(* the 
difference ()„” ()« as a basis of judfrment rejrardinji’ the elasticity of the cell 
walls without risk of error. 

The results indicate that both the cortical and ej)ideinnal tissues are more 
])lastic in the first and second zones and more ri<»’id in the sixth and seventh. 

Tlie differences between the concentrations of the sap in all three states 
be(‘omes less with aj*e. In the mature zones the differences between the (*on- 
centrations for the sap in the two tissues in the three states are all nearly 
the same (see fij^ure 8). This is, no doubt, due to the increased rigidity of the 
wall in both tissues. These differences of concentration in the two tissues are 
always least for the (3s and {greatest for the ()„. 

It should be remarked here that the value Sis is numerically equal to the 
wall pressure W*,, since the action and reaction are ecpial and oi)posite in 
direction Avhen the ftorf»ed cell is in a state of e(|uilibrium and the wall ])res- 
sure upon the protoplast and vaeuome prevents the further influx of water. 

SUCTION TENSION OF THE CELL IN THE NORMAL STATE (Sz„) 

Since the suction tension of the cell, as an entity (Szn), is the result of 
the suction tension of the contents of the cell (a vector actinj»' in one direc- 
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tion) and the wall pressure (an aiita<*:(mistie vector), important eonelnsioiis 
re<»ar(linf>* tlie nature o1* tlie wall hi ^rowin^ regions can be arrived at from 
a knowled^^e of this osmotic (pumtity for cells in various iihases of jirowth. 
Physi(‘al changes in the jirowin^ cell wall produce definite effects upon the 
force whicli t(‘nds to cause water to flow into a cell, even thou**:!! the wall 
itself is ])ervious to water and does not ])revent tlie water system from beinf? 
continuous from one cell saj) cavity to another, throu**]! the membranes and 
the protoplasm itself. 

This (juantity (SZt,) expresses the force ])er unit area with wliich the cell 
as a whole tends to draw water into itself, either from a direct source of 
water or from some neijihborin**- cell which has less tension. It is not our 
])nrpose to detei-mim* at this time whether the cell is acdive or jiassive in this 
])roeess of watcu* intake, but merely to determine the vector value which 
t(MHls to ])roduce a state of etpiilibrium. 

The niimeri('al ex])ression of this (piantity (Szj,) is a ‘>'ood indicator of 
tin* tendeji(*y of water to flow in one or the other direction : from the environ¬ 
mental cells to a ‘iiven cell or in the reverse direction. In tlie ])resent study 
we are not considerin*: the siudion tension of individual cells but the average 
Sz,i of the (‘(‘11 complex in a se(‘tion of a ^iven tissue as determined by the 
simplified method of rrsprnn^’ (45). This average value will indicate the 
j*(Mieral dii’ection of the How of Avat(*r. 

The numeri(‘al ex]iression of this (juantity (‘an be d(‘termin(‘d directly 
and can also be cah'ulated from the kiiow’n osmotic pi-essure of the normal 
(‘(‘11 sap whi(‘h is uumeri(‘ally identical with the suction tension of tin* sap in 
the normal stat(‘, and the known wall jin'ssure whi(*h tends to jiress water 
I'rom the (‘ell, a(‘cordin^' to the h\\\ of ITrsjirunj** as expressed in tlu* eipiation : 

Sz„-Si„-W„ (1) 

in wiii(‘h Sz., is the siu'tion tension of the cidl; Si,„ the suction tension of the 
(‘ontents of the (‘(‘11; and AV,„ the wall pressure.’ 

In the ])r(*sent work the values for the epidermal and cortical tissues in 
various zones of tin* hy])o(‘otyl of TJcliantlms seedlin<»’s wei*e determined 

' H(M(* lU) jji'count is tnl\(Mi of xcrtors otli(*i tlinii tlinl of tlu* \\m 11 i>r(*ssiiT(‘ Avliic’h 
tends to nnlnei' tlie suction tension of tlie cell, such ns the tension or j»ressure of ueij^lihor- 
injr tissues. Tlu‘ couijdete eijuntion is* 

H/m. Si..-(W±A) (2) 

ill whicli A ie|)it*seuts tlie ndditioiinl foices such ns tissue tension, besides tlie wnll ])r(‘ssur(‘ 
uliich tends t(> incri'nse or deciense tin* suction tension of tbe cell. 

It \vould, of I'ourse, hn\e lu*eii most desirnble to lin\e det('imined tlie t(*rm A, 
jinrticulnrly for the jiressuit* produced bv tin* ejiidermnl tissue ujion the corticnl in the 
iiormnl h\]iocotTl, Imt we wen* nimble to d(*vise a method to do so. In the iiiterjuetatnui 
of the r(*sults tliis must be borin* in mind that our results refer to the suction tension of nil 
(‘xcised jjronp of c(*lls in which the counter juvssure of the ejiidermis upon the corticnl 
tissue Avns necessniily disrefjni<led. In sjiite of the ilitlicultY of not beinfj; nble to obtnin 
more than an njiju'oximntion of the suction tension of the cells in the normal state, tin* 
data are very enlij^hteninjr. 
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directly and also by calculation, and the results have been recorded in 
table 4. The symbol Szn is employed to express this average value of the 
tissue even th()U{>h it strictly refers to individual cells. In order to dtdermine 
the suction tension directly by exi)eriments some authors keep the same test 
strij) and ])lace it in different coneejitrations of the plasmolyte and note in 
which concentration the strip maintains its original length. The osmotic 
])ressure of that concentration is accepted as tlie suction tension of the 
sam])le. This method is satisfactory if the wall is elastic and is not stretched 
beyond the limits of elasticity. Since we have evidence that the walls of 
youn<»' cells of the hypocotyl in rpiestion are Jiot elastic but plastic, it was not 
safe to em])loy this method. We therefore Jiever carried a test strip from 
one coiK'entration to another. A fresh sample was taken for every com-entra- 
tion employed. After preliminary tests indicated the upper and lower limits 
of the Sz„ value, with but slight variation, final tests were made in graded 
solutions, which did not vary much from each other and were within the 
limits found in the preliminary tests. The osmotic pressure of th(‘ concentra¬ 
tion, in which the sizes of the cells did not vary from the orijzinal, A\as 
accepted as the Sz,, of the cells tested. 


TABLE 4. Suciiov Tension of ihr Cells (Sz„) in the Epuhrmal and ('oilieol Tissues 
of Hell a n t It ii s S cedh n (fs. 


Zoiu‘ 


(8z,j in Atinusphorcs 


Epidermis 


(Wtienl 


DifT. cl' (Sz „) cf the 

TlSSlK'vS 


E\p. Batji 

Cal. Data 

1 

5.:i 1 

5.17 

o 

5.2 

1 5.24 

3 

5.1 
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5.550 

5.4 1 ;5 

4.2;i5 

5.005 

4.50 

:i.05 


An Sz„ gradient in the direction of the flow of water in a plant, as for 
example from the roots, to the leaves, was lon^- sus])ected and was finally 
])roven to exist by TTrsprun^’ and Blum (43, 44, 47) and othej*s. A study of 
the nature of the suction tension of the cells makes it (*videjit that such a 
<iradient must exist. If there was ever any doubt about it be(*ause of data 
obtained by eryoscopie methods, it is the result of confusinj*’ tlie quantities, 
suction tension of the contents of the cell (Si,,), whicli is numerically identi¬ 
cal with the osmotic pressure of the normal cell sap, and the suction tension 
of the cell (Szn). An Sin fi'radient in the direction of the flow of water in the 
plant may exist in a jiiven instance as in our jiresent experiments (see table 
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з) but in *>‘eueral need not exist. An Sz,i jiradieiit from the oldest cells to the 
younjrest in both tissues is evident and not surj)risin<i’."' 

In the e])idermis the greatest variation from the avera^re potential dif- 
feren(*e is between zones 4 and 5 (0.9 atmos.). The f^reatest variation From 
the averaj::e potential difference in the cortical tissue occurs between zones 3 
and 4, namely 1.2 atmos. These jrreater differences must be interpreted to 
mean that either critical chancres in the nature of the cell walls occur in the 
]iy])ocotyl between 15 mm. and 25 mm. from the base of the cotyledons, or 
changes in solute production, or both. Apparently the changes occur some¬ 
what earli(‘r in the cortical tissue (third and fourth zones) than in the ei)i- 
dermis (from the fourth to the fifth zone). Since the amount of solute ]n*o- 
duction is proportional to the <»Towth in both tissues (10, 14), it follows that 
the hijih potential difference must be due to chanj^es in the wall, rather than 
to in-cfjfular solute prodiudion ; and since the enlarjicment of cells is rejiular, 
these relatively sudden changes in suction tension (-an oidy be int(Tpreted 
as due to chanjies in the wall pressure, and conse(iuently chanj»es in the 
nature' of the wall. 

The diff(*!*ence bet wee*]) the suction tension of the epidermal and cortical 
tissues is considerable, the average beinjr ap])roximately 5 atmospheres. It 
is somewhat jireater than the averajie in the youngest three zones and some¬ 
what less in the oldest four zones. If the physical jmessure* im])osed upon 
the* cortical tissue is elisre^ai’deel, these fijiui’es we)]]lel indicate that the wate*)* 
tends to flow' from the e])idermis to the (*ortie‘al tissue, which is iii haianeniy 
with the notie)ii that the e])ielermal tissue se*rve*s as a w'ater rese]’ve)ir. The 
fact that the difference is less in the edder zones anel ^^reater in the younger 
would seem te) indicate* that the fle)W e)f Avate*r frenu the epidermal tissue to 
the ce)rtical tissue* e)e‘e'urs me)re reaelily in the ye)un‘ier zoiips. It W'e)ule1 thus 
a])pear that the ye)un<»‘ elevelopin^ e*e)rtical e'clls, ne)t far l•eme)A'ed froni the 
reji’ion of proliFeratie)n, can be epiickly su])i)lieel with water from the edder 
e‘e)rtical cells and alse) from the epide*rmal cells <d' the same aj^e. 

The hi<’h average diff*ei*ence betwee*]] the two tissue's must not be inter- 
preted to mean that the ])ossible flenv of water from the epidermis te) the 
ce)rtie*al tissue* is m^'essarily ^reat, bee'ause the nature of the w'alls e)f the 
tAve> tissue's is ne)t the same, anel it is (juite possible that a sufficient losistance 
is off'ei-eel by the walls te> reelue-e* the water curi'e'ut A\hich is ineluced by the 
hijih pe>t(*ntial diff'eremce of 5 atmospheres. If it were ])ossible te) determine 
the re'sistance e)f the wall to the fle)W' of water anel incoriiorate it in the ^e'n- 

ith'iico of tlu* cornH-tiiess of tlu* iiittM ju’ototioii, flint is of the floAv 
of s;i]) ns iiielienitcd by tlio ^jrnelieiit, wns oblniiu'd liy ndiniiiistoriii^ sii^nr solutions of 
.slififlitly gjrontor osmotic incssurc tliaii the' recorded suction tension of tin* cells in the 

и] »perrnoHt zones, nnd it wns noted Hint the hy]>ocotyls wilted; the Aviltinjy hein^ noted 
first directly above the soil, and then it projTU'ssed steadily to the uppermost zone. These 
facts indicate that the flow* eif water w’as reve*rsed. jnissin^ froni the miper zones to the 
n(‘xt lower zones. 
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eral equation (2) as a part of the term A, the final potential difference 
between the two tissues would undoubtedly be less than 5 atmospheres. 

The averaji^e potential difference between the epidermal cells from zone 
to zone is only 0.8 atmosphere, whereas the difference from epidermal tissue 
to cortical tissue is apj^roximately 5 atmospheres. This is rather surprising?, 
since the potential difference vertically must be sufficient to cause the water 
to ascend against the force of gravity and also to overcome the resistance 
of the horizontal cell walls. It is difficult to see how the water could rise in 
the epidermal cells unless a wall resistance to the flow of water from the 
e])idermis to the cortical tissue is assumed. This assumption would presup- 
])()se that the nature of the vertical walls of the ey)idennal tissue is different 
from the horizontal walls of the epidermal cells. This assumj)ti()n is not too 
bold in view of the fact that it is well known that cell walls do not grow much 
horizontally, but do grow vertically (17). We might then well assume that 
the vertical walls offer a great resistance to the flow of water, but the hori¬ 
zontal walls offer less resistance, so that the water flows more readily ver¬ 
tically into a given epidermal cell than it does from the same cell hori¬ 
zontally, in spite of the greater horizontal potential difference. It may 
further be assumed that the wall resistance to water flow from e])idermal 
tissue to cortical tissue increases with the development of the cell wall, i.e. 
it is greatest in mature cells and least in young cells. In the older cells 
where, as was previously shown the difference between the Sin values for the 
two tissues is least and the wall resistance to water flow is probably greatest, 
there is not so great a tendency of w^ater to flow from the epidermis to the 
cortical tissue in spite of the potential difference indicated by Sz„ differences 
(see table 4, col. 6, 7) as there is in the younger cells. 

THE WALL PRESSURE AND THE NATURE OF THE WALL 

The wall pressure is a vector which acts antagonistically to the hydro¬ 
static pressure and tends to diminish or to prevent entirely the influx of 
water into the cell sap cavity. When the cell is in the state of incipient plas- 
niolysis its scalar value is evidently zero, but iu the saturated state it is 
maximum, and it is ecpial to the hydrostatic pressure or to the osmotic jires- 
sure of the cell sap (Si*,). Assuming that the increment of the wall pressvire, 
from incipient j)lasmol5"sis to the saturated state, is proportional to the 
change in the volume of the cell, the wall pressure of the normal cell can be 
determined according to the ecpiation: 

» V -V 

W, = W«X^-^ (8) 

in which Wn is the wall pressure in the normal state; Ws, the wall pressure 
in the saturated state; (Vn-V^), the change in volume from the normal 
state to the state of incipient plasmolysis; and (Vg-Vg), the change in 
volume from the state of plasmolysis to the state of saturation. 
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From the formula it is evident that the contraction and the expansion of 
tlie cell wM are important factors which influence the value Wn. If the cell 
wall is (‘xtensible it offers little resistance, so that Vg —Vg is relatively ^reat 
and the value of Wn is proportionately small; furthermore, under this condi¬ 
tion the influx of water is relatively ^reat and the osmotic pressure (which 
is numerically ecpial to of the cell sa]) at saturation is correspondin<*:ly 
low, so that both factors tend to make W,, relatively low when the walls are 
plastic and extensible. If the walls are not jdastic, but elastic, Vs-Vg be¬ 
comes less, AVa becomes ^^reater and W,, becomes jrreater in consecpience. 
The rate of increment will depend upon the coefficient of elasticity of the 
cell wall. When the Avails are rijrid, or only slifrhtly elastic Vg-Vg is small, 
and AVg not much different from Sig, i.e. relatively hij^h. In consequence Wt, 
is jrreat and the rate of increment from zero to maximum is ^reat. 

From these considerations it is evident that the values obtained for AV'n 
should indicate, to some extent at least, the nature of the cell walls in the 
A^arious staji’cs of cell development; but AVs de])en(ls also upon the capacity 
of the cell and on the solute j)roduced during the cell’s groAvth, it may not 
be assumed that the variations of AV„ gWe an exact expression of the A^aria- 
tions of the modulus of elasticity of tlie Avail. 

1ji this (‘onnection it should be recalled that the discovery by Ursprung 
and Blum (47) that turgor Avas minimum in the zones of vigorous growth 
created surprise only because the nature of the osmotic quantities and the 
nature of groAvth by c(‘ll enlargement Avere so little understood at the time. 
Noav that the osmotic relations are better understood and our knowledge of 
the structure of the cell Avail in the A^arious stages of the cell’s development 
has advani'cd their results appear to be as they should be, and the old and 
Avidely held vieAV that cell enlargement is entirely due to the hydrostatic 
pressure from Avithin is untenable. 

These facts must be borjie in mind during the interpretation of our re¬ 
sults. AAliile it cannot be claimed that the Avail ])ressure gives quantitative 
ex])r(*ssion of the plasticity, the rigidity, or the coefficient of elasticity, never¬ 
theless the results giAT some eAudence of the condition of the AA^all in tlie 
various stages of the develoiiment of the cell, and are not contradictory to 
the knoAvn facts regarding it. 

Ursprung and Blum’s discoAwy of minimum turgor in the zone of maxi¬ 
mum groAvth gaA^e the first ex])erimental evideiu’e that the AA^all must grow 
actively during the jirocess of groAvth by cell enlargement. The reader is 
refernHl to the revicAVS of the literature on this subject by Frey-Wyssling 
(21) and by Anderson (1). Undoubtedly the biochemical regulator auxin 
induces the active groA\ih of the cell Avail, but Avith time it is becoming more 
evident that the material added to the \\^all is elaborated by the protoplast. 
Not only is the mass of the wall changed during groAvth but its nature also; 
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the extensibility, the elasticity, and the rigidity are all modified. Heyn (28) 
and Soding (39) produced conclusive evidence that the changes in the na¬ 
ture of the cell wall are not, however, primary causes of .growth. Gessner 
(23) also showed that a change in extensibility must be considered a phe¬ 
nomenon of growth and not its cause. The data which we present are not 
intended to prove these facts, but they are in agreement with them and serve 
well to illustrate them. 

In table 5, the results obtained for Wn are given for the two tissues. Con¬ 
siderable experimental error was discovered in our data for the cortical 
tissue in the sixth zone and conditions prevented a repetition of the experi¬ 
ment so that the space for that value was left blank. 

In the examination of our data it must not be forgotten that although the 
hydrostatic pressure is not the cause of growth, it is, like the increment in 
the wall and the changes in the wall’s nature, a growth phenomenon. Unless 
solute were produced as cell enlargement proceeds the turgor could not well 
be maintained. As previously stated Beck, Lousing, and Andrus (10, 14) 
proved that the production of solute is proportional to the growth. The 
importance of the solute as a factor in the production of wall pressure is 
evident from the equation: 

W„=Sin~Sz„ (1) 

in which Wn is the wall pressure; Sin, the suction tension of the contents of 
the cell; and Szn the suction tension of the cell as an entity. From a com¬ 
parison of the Sin values given in table 3, the Szn values given in table 4, and 
the Wn values given in table 5, it becomes jevident that the relatively low Sz„ 
values for both tissues in the growing zones are undoubtedly determined by 
the changes in the nature of the wall rather than by changes in the rate of 
solute production. To make this more evident these different values have 
been plotted against the distance from the cotyledons (see figure 5). If the 
cell were not to change its volume and if the nature of Hie wall were to 
remain the same, the maximum (Szn) and the minimum turgdr in the region 
of greatest growth could not be explained because the turgor should in that 
case increase proportionately with the solute production. This, however, not 
being the case, the changes in the wall must be assumed actually to occur. 
The changes might be in the volume of the cell, or in the nature of the Oell 
wall, or in both. 

In table 5, the normal wall pressure and the pressure of the saturated 
cell are recorded. The normal wall pressure is given as derived from equa- 
tioti (1) in which Sz„ was obtained by direct experiment and Sin as previ¬ 
ously explained. It is also given as obtained by calculation according to 
equation (2). For both tissues the results obtained by the two methods are 
of the same order and of nearly the same value. 

The W, is recorded only for the purpose of giving the quantities neces¬ 
sary for checking the results. As previously explained they represent the 
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osmotic pressure of the cell sap at tlie point of saturation. Since the forces 
involved are not purely osmotic in the first zone and to some extent in the 
second, the actual Ws is probably lower than the recorded value. SiiU'c Ws 
is an implicit function in ecpiation (3) the value of the explicit function 
must be too hi^h for these two zones. The results obtained by equation (1) 
(in which Ws is not involved) can be considered as beinjr obtained by direct 
experiment. They are actually somewhat lower than those obtained by equa¬ 
tion (2). They are, nevertheless, too <rreat, because the Arabics Sin and SZn 
also involve non-osmotic forces in these two zones. We have no means of 
determining (‘xa(*tly hoAv much lower the two values actually are. The fact 

TABLE n. The Pir.ssin'c of the Derelopinfj Epidermal and Cortieal Cells in 

the Hypoeolyl of Ifelianthus Seedlinas in the Normal State and in the Saturated 
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that Ave failed to obtain minimum tur<ror at the ])oint of maximum rate of 
enlar}j:ement, i.e. 6.5 mm. from the base of the cotyledons or in the uppermost 
refiion of the second zone (10, 14), is, no doubt, due to the involvement of 
non-osmotic forces. Our actual minimum occurred in the fourth zone. This is 
liarticularly intere.stinjjr bc(*ause previously Beck and Donnelly (13) estab« 
lished the fact that in stri(*tly comparable plants a critical ])oint occurs 
beyond which the cells respond Avith fireat difficulty to j»eotropic stimulation. 
The point is Avell definetl and is located 25 mm. from the base of the cotyle¬ 
dons, or at th(‘ end of the fifth zone. Our results and those of Beck and Don¬ 
nelly clearly indicate that some critical chanjie must occur in the nature of 
the cell Avails which is initiated in the fourth zone and is almost conqileted 
in the fifth. If it be assumed (and the assumption is in harmony Avilh our 
results) that beyond the fourth zone the cells become rij^id, the reason for 
the sharp point of demarcation is friven. In the loAATrmost four zones the 
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steady increment of the wall pressure is very evident; this is, no doubt, due 
to the increasinjj: rigidity of the wall. This becomes more evident when it is 
borne in mind that it is precisely in this region that the ability of the 
cells to expand when gorged wdth water (see figure 2) and the cliange in 
concentration of the sap from On to Os or 0„ - 0„ becomes less (see table 2). 
From these results and considerations it follows that if Llrsprung’s state¬ 
ment, that the turgor is minimum when the growth rate is maximum, must 
be taken as strictly correct, it cannot be arrived at by purely plasmolytic 
methods such as wo employed. According to our data the minimum turgor 
does not occur in a shar])ly defined maimer, so that low turgor extends 
through the second, third, and fourth zones. The actual minimum is in the 
fourth zone for the epidermis ajid in the third for the cortical tissue. 

The Modulus. The variations in the wall i)ressiire indicated changes 
in the j)hysical nature of the cell wall. It is desirable to express such changes 
in the variation of a modulus. This is, hov'ever, always difficult, if at all pos¬ 
sible. The volume modulus expresses the restoring force which is evoked by 
a, given change in the mean distance between the molecules, the configuration 
remaining unchanged. The rigidity modulus measures the restoring force 
produced by a change in the relative position of the molecides without 
changing the mean distance. Ordinarily a cross between the two is employed 
for ])ractical jnirjmses, which is known as Young’s modulus. None of these 
can easily be ap])lied for the interpretation of our data. The data do, iiow- 
ever, j)ermit us to express the strain ])roduced by a given stress, and this is 
what the modulus essentially expresses. It is necessary in the expression of 
a modulus that the material be not strained beyond the limits of elasticity. 
Now, our data gave unecjuivoeal evidemee that in the first and second zones 
the turgor stretches the walls beyond the limits of elasticity, so that the 
figures for these zones might well be fpiestioiied. Since it is difficult to verify 
if the walls have been stretched beyond the limits of elasticity, it is more re¬ 
liable to emploj’’ the figures obtained for the relative contraction rather than 
those for relative ex])ansion. 

In figure 2 the relative expansion and contraction obtained in the various 
zones for the two tissues is given in graph form. The original sizes were 
determined while the specimen was immersed in paraffin oil. The exi)ansion 
was obtaiiu'd by permitting the cells to gorge themselves with water. The 
contraction was obtained by placing the,specimen in the plasmolyte of the 
exact 0^ concentration. 

• A study of figure 2 makes it evident lhat the cortical tissue exjiands more 
readily than does the epidermis. In the first four zones it also contracts more 
readily than the epidermis, but not so in the older zones. In harmony with 
the conclusion arrived at from the study of the wall pressures these graphs 
also indicate very evident changes which take place in the nature of the cell 
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^valls, partuniUiriy in tlie tliird aiul fourth zones. It ^vas precisely in these 
zones also where <^reat diffieuJty Avas experienced in the exact determinations 
of the osmotic values by the metliod of averages and ^reat care had to be 
exercised. Tt is noAv evident that the cells of the fourth zone are in a (U-itical 
state and difficulty in obtaininji: consistent results Avill be experienced if one 
is not extnunely careful to work the determinations exactly at the location 
AAutliin the limits indicated. 

Since the cortical tissue (‘X]mnds readily in the first three zones and also 
contracts to a fair extent (in fad more than in older zones) but not nearly 
in the same de*»r(*e as the expansi<m, it follows that this tissue is ])lastic but 
possesses a slight deji‘i*e(‘ oF elasticity, and is practic'ally non-rij»id, in the first 
three zones. The epidermal tissue, however, loses in extensibility, but does 
not lose much in contractibility Avhich would indicate that in the first and 
second zones this tissue is jilastic and is ])ractically non-elastic. The plasticity 
of the first and second zon(\s can also be detected by attenii)tin<‘- to break the 
hy])ocotyl in these rej»ions. It breaks very easily under a bendinj^’ or stretch- 
inji‘ stress in these zones, lloth tissiu's a!*(‘ therefore ]>racti('ally devoid of 
elasticity and rigidity in the younjicr zones. Ileyond the fourth zone the 
hypocotyl is more tenacious and does not break readily under a bendin<;‘ 
stress or stretching* str(‘ss. 

In table 6 moduli for the \arious zon<‘s are deduced by the (Mpiatioii: 

(4) 

in Avhich M is the modulus; the normal wall pressure (stress); and 
the chanjjre in length j)er unit leiij^th (strain) from the h*n^th at 

Jjn / 

inci])ient i)lasmolysis to the normal len«»th. 
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In figure 4 the moduli for the tAvo tissues are plotted against the distance 
from the base of the cotyledons. From this fi<»ure it at once be(*omes evident 
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that the epidermis in 5*eneral is more ri^id than the cortical tissue and that 
both tissues be^in to become more ri{?id in the third zone and increase stead¬ 
ily in rigidity up to the maximum in the mature cells. The results are in 
harmony with the notions that the epidermis is mainly a protective tissue 
and can serve as a reservoir of water and that the cortical tissue is a dynamic 
one and readily takes up and gives off water particularly in the younger 
zones. 



Fig. 4. Moduli of the coll walls of the hypocotyl of Ifrlianihus soodliiigs plotted 
against the age of the cells. 


SUMMARY AND CONCLUSIONS 

A diagram of the seedlings was made to give the diiiiensions and show the 
zones in which the osmotii* quantities of the epidermis and cortex were deter¬ 
mined. The youngest cells, that is, those of the first and second zones, con¬ 
tained carotinoid pigment but no chlorophyll. These pigments may form a 
part of the respiratory mechanism and influence the production of auxin. 

The determinations of the sizes of the cells proved that they grow by 
enlargement in the characteristic manner, the maximum rate being at the 
point 6.5 mm. from the base of the cotyledons, i.e. in the uppermost region 
of the second zone. The region of cell proliferation does not extend much 
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beyond 1 mm. from the base of the cotyledons, i.e. the np])ermost region of 
the first zone. The active growth of the walls by intussusception is a fact. 
Turgor is not the source, or at least not the sole source of energy which causes 
cell enlargement. The active growth of the wall explains why the minimum 
turgor exists in the region of maximum growth. The transverse cell walls 
do not increase their mass appreciably but the lateral walls do. The active 
growth of the lateral walls, their plastic condition, the high suction tension, 
and low turgor in the young cells, explain the fact that the hypocotyl is less 
in diameter in the first zone (see figure 1). Solute is produced in proportion 
to cell enlargement. The cell sap cavity is small and the forces resembling 
osmotic forces are really non-osmotic in nature. 

Th(‘ following parallel gradients were established: 

1) The plasmatic gradient; maximum viscosity being in the youngest cells. 

2) Swelling gradient; greatest swelling juiwer being in the protoplasm of young 
cells. 

.'!) Electrical potential gradient; the greatest jiotential l»eing in young cells. 

4) Suction tension gradient; maximum suction tension being in the actively growing 
regions. 

There are radial gradients; the concentration of the sap increases from 
the epidermis to the cortex; the and Sz^ gradients are similar to the Sin 
gradient. 

The walls of the very young cells are plastic and extensible, wiiiie the 
older ones are less plastic and more elastic, and the mature ones are slightly 
clasti(‘ and almost rigid or non-extensible. All of these effects are ])robably 
the result of the activity of the jirotoplasm which is influenced by the auxin. 
The auxin need not necessarily be conducted to the protoplasm but may 
exercise its effects inductively in a physico-chemical manner comparable to 
the manner in which “evocators’^ are supimsed to operate in animal tissues. 
It is probable that the chromatin of the young prolifmoating cells is involved 
in the jiroeess of growth by cell enlargement. The Avails of the cortical cells 
are more extensible than those of the epidermal cells. They are able to con¬ 
tract more than those of the epidermal cells while young, that is, in the 
uppermost three zones. The walls of the cortical cells are always less rigid 
than those of the epidermal cells (see figure 4). A critical change begins to 
manifest itself in tlje nature of the Avails in the third zom\ but it does not 
create an a))])reciable change in the normal Avail pressure until later, i.e. in 
the fourth zone (see figures 4, 5) A\iiere the rate of change is marked. This 
change explains the (*ritical point at Avhich quick response to geotropic stimu¬ 
lation ceases, namely 25 mm. from the base of the cotyledons. The concentra¬ 
tion ol‘ the cell sap is maximum when the size of the cell is minimum, and 
vice versa. This may not be exiilained on the basis of increased capacity of 
the cell alone, because the ])roductioii of solute is in proportion to the growth. 
Og, On, and Og are consistently higher in the cortex (see table 2) but the 
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difference becomes smaller with the ap^e of the cell. In the mature zones the 
difference is sli^?ht (see figure 3). 

The suction tension of the cell as an entity is maximum in the youngest 
zones and minimum in the mature, so that a gradient in the direction of the 
flow of water is established. A similar gradient exists from the epidermis 
to the tissues that lie within. The greatest potential difference between the 
tissues exists in the youngest cells and it is least in the mature cells. If the 
resistance which the walls offer to the current strength of the Avaterflow is 
disregarded, it appears that the winter can flow upward in the epidermis 
and inw^ard to the cortex. It is probable that the older cell walls offer con¬ 
siderably more resistance to the current than do the young cell walls, so that 
the inward flow is probably considerably less in the older cells than in the 
younger ones. 

The maximum potential difference in suction tension between cells of the 
same tissue is between the fourth and fifth zones for the epidermis, and the 
third and fourth for the cortical tissue. This can be explained by the criti¬ 
cal changes which take place in the walls of the cells in the respective regions. 

The results recorded for the wall ])ressure give evidence of the changes 
ill the physical nature of the wall during the process of cell enlargement. 
The results for the turgor are in general agreement Avith the claims of 
Ursprung and Blum that it is minimum in the region of active groAvth. The 
minimum is not exactly at the point A\iiere the rate of enlargement is maxi¬ 
mum (6.5 mm. from the base of the cotyledons) but in the fourth zone Avhere 
the critical changes in the physical nature of the wall occurs, and where the 
quick response to geotropic stimulation ceases. The turgor is maximum in 
the mature cells, where the w^alls are rigid. 

In figure 5 the sizes of the cells (Ln) and the A^alues of the osmotic (juanti- 
ties which are of chief interest, namely, the Avail pressure (Wn), the Siu'tion 
tension of the normal cell sap (Si,,), and the suction tension-of the cell (Sz„) 
were plotted against the age of the cells, to give a summary vicAv of their 
relationships during the process of enlargement. 

A summary of the conditions of the cells and the osmotic (juantities in 
the various zones (see figure 1) can be given as follow’s: 

Z(me 1. The diameter of the liypocotyl is minimum. The cells (‘ontaiii 
carotinoid pigment which might form a part of the respiratoiy mechanism. 
The uppermost region, approximately 1 mm. in length is the i*egion of cell 
proliferation; the cells are compressed in appearance, show’ mitotic figures 
and lack a cell sap cavity. In the remaiiiing part of the zone the cells fail to 
divide and begin to enlarge. The jirotoplasm of the cells is of maximum vis¬ 
cosity as is its swelling power, and its electrical charge. The cell Avail is more 
intimately united with the protoplasm than in the succeeding zones, and 
plasmolysis is more difficult and takes a longer time. The w^alls are ])lastic 
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and extensible. The hyjiocotyJ breaks easily under a bendinji; or streteliinf? 
stress. The forces which tend to supply water are larfj:ely non-osniotic in 
nature. The O^, On, Os, and Sz,, are maxiimiiii for both tissues. The respective 
differences in these (piantities for the two tissues are in favor of the cortex 
and are inaximuni in this zone. Water flows readily from the epidermis to 
the cortex. 



Fig. 5. Size of the eells (L,,), Avnll ])ressuie (W„), suetioii teiiHion of the saj) (Si„), 
and suction tension of th(‘ cells (Sz„), c(HTelnted with tin* a^je of the cells of JlrhaniJnas 
seedlinjfs. 


Zone :2. This zone eontains the point of maximum rate of enlar}.»emeii,t; 
it is located at 6.5 mm. from the cotyledons or 1.5 mm. from the upper limit 
of this zone. The cells contain a slijrht amount of carotinoid ])itinient. The 
viscosity of the protoplasm, the electrical charge, are less, in accord with the 
described j^radients. The the ()„ the Os, and the Sz„ also d(‘crease accord¬ 
ing to their respective f»Tadients. The plasticity of the walls is still consider¬ 
able, the elasticity and rigidity are ne}i:li}>ible, the turjror is improved par- 
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ticularly in the lowermost part of the zone, where a bending: or a stretching 
stress tends to break the hypocotyl less readily. 

Zone S. The protoplast and osmotic quantities change according to the 
described gradients. The rigidity of the cell walls is negligible, but there are 
indications of definite increment in rigidity which comes to clear expression 
in the fourth zone (see figure 4) where it manifests its influence on the wall 
pressure and the suction tension (see figure 5). The Szn potential difference 
is maximum for the epidermis in this zone. 

Zone 4, Critical changes in the nature of the wall manifest their effects 
in this zone; they act disturbing!}’' in the process of determining the osmotic 
quantities so that unusual care is necessary in the work. The critical point 
where the response to the geotropic stimulation fails to follow quickly is in 
this zone. The walls are no longer plastic, but are somewhat elastic. The kSz„ 
potential difference is maximum for the cortical tissue. 

Zone 5, The elasticity of the walls decreases and the rigidity increases. 
The rate of increase is greater in the epidermis than it is in the cortical 
tissue (see figure 4). 

Zone 6. The cells are almost mature. The cell walls are only slightly 
elastic and more rigid. 

Zone 7. The cells are of maximum size, and the amount of solute present 
is also maximum. The wall pressure, turgor, and rigidity of the wall are 
maximum, but the concentration of the sap (()„) and the suction tension of 
the cell (Sz„) are minimum. The walls are hardly extensible, only slightly 
elastic, and the degree of rigidity is high, particularly in the e])idermis (sec 
figures 4, 5). 
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A NEW CONSTITUENT IN WHEAT GERM OIL 

H. H. Bunzell 

In the course of our study of tlie vitaniius present in ^vheat f?erm oil we 
found tliat wheat ‘iei*m oil lias a stiinulatinj^ effect on the action of potato 
tyrosinase. This is true whetlier we use wheat f>erin oil extracted in the labo¬ 
ratory witli etluT and petroleiini ether, or conimendal wheal f>erm oil pressed 
(Abbott’s Medic'inal Wheat Germ Oil), or wheat ^erm oil extracted by 
ethylene dichloride (ViolBn Corporation). 

This phenomenon seems sip:nificant because of the various physiol 0 j 4 :ical 
fuiK'tions with whicdi, ac(‘ordinj^ to recent work, the copper enzyme, tyrosi¬ 
nase, seems to be concerned. Perhay)s the most outstanding*- of these relation¬ 
ships is tlie desti-iK'tive effect of tyrosinase on the vaso constrictor substance 
—hyp(‘rt(*Jisin (8) and the oxidation of estro<>ens and their com]dete in¬ 
activation (h). 

TEC’HNIQFE 

Tlie methods used wei’e based on work described in earlier articles (2, »‘l). 
The simplified (^atox ai)paratus usetl in tliese exj)erim(‘nts is shown in fijiure 
1,^ and lias heim des(*ribed before (4, 7). The constant tem])eratnre chamber 
has also b(*en described elsewhere (7). 

The potato juice was ])ressed out by hand from ‘iround peelinjis and \vas 
diluted with four volumes of water. In this dilutioji the tyrosinase activity 
w^as O.lOl-O.lHb Bunzell units (2, p. 40). The oxidase reagent used in this 
experiment was ])ure p-cresol. The reason for the choice of p-cresol in this 
conne('tion was two-fold: one is that the mechanism of the oxidation of 
])-cresol by tyrosinase has been exhaustively studied by Nelson and collabo¬ 
rators (1). The ptlier reason is tliat our work on the oxidases of potato tubers 
show’ed that [)-cresol oxidation is iiinuenced more than that of any other 
seventeen reaj»ents used (5, 6). 

All experiments were carried out in the presence of a ])hosphate buffer, 
pH 7. In control expeJ’imeiits a liiji'Jdy refined Jiussian mineral oil was used 
in place of wheat j»enn oil. in the effective exj)eriinent, dilution of the wheat 
{Term oil Avlnm recpiired was made with the same mineral oil. 

PROCEDURE 

Of the three comi)artmeiits of the catox ai)paratus, tlie middle one was 
not used in these experiments. It served a useful purpose in assurin«>: separa¬ 
tion before deliberate mixing of materials placed in coin])artments 1 and l\. 
The follow in" typical experiments wdll show^ the disposition of the materials; 

1 The plate for fif^urc t was fiiriiished hy the author. 
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Experiment 1 

In compartment No. 1: 1 cc. 20% ]>otiito 
juice. 

In compartment No. 3: 0.022 g. p-cresol, 
0.5 cc. buffer sol., 0.5 cc. Bus. min. oil. 


Expeiimeiit 2 

Til compartment No. 1: 1 cc. 20% ))otato 
juice. 

Tn compartment No. 3: 0.022 g. p-cresol, 
0.5 cc. buffer sol., 0.0387 g. tocopherol in 
0.,5 cc. Bus. min. oil. 


The constant temperature chamber was maintained at 35® C. The air 
vents (No. 7 in fig. ]) remained open until the temperature became adjusted, 
which required a little over a half an hour. The vents were then closed by 
turning the manometer (No. 5 in fig. 1) through 90° by inserting the hand 
through the trapdoor on top of the constant temperature box and beginning 
shaking, thereby mixing the components and initiating the reaction. 

Rate of shaking was 140 excursions per minute; extent of extuirsion was 
5.5 cm. 



EXPERIMENTAL WORK 

Readings were made as a rule at intervals of ten minutes and tlie experi¬ 
ments were of twenty-five to thirty minutes duration. For purposes of illus¬ 
tration a typical set of experiments is given in table 1. The data correspond 
to the conditions outlined under experiments 1 and 2 above. 

Comparison of the final result obtained in experiment 2 with that ob¬ 
tained in experiment 1 shows an increase of 48%, due to the tocopherol 
preparation used. Throughout this paper only the last reading obtained at 
the end of twenty-five or thirty minutes will be used for comparison. 

The selection of the proper quantity of p-cresol is important, because of 
its destructive effect on the tyrosinase when used above certain concentra- 
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TABLE ]. The effect of tocopherol on poia1(t Iprosinase 


Keadings 


in mm. 

Exp. 1 
(’ontrol 


Ex]). 2 

Tocopherol added 

0 

0.0 


0.0 

10 

4.9 


8.2 

20 

10.0 


14.8 

25 

12..3 


18.2 


tions. For example, it was foinul that 0.0185 g. p-eresol used in an exjieri- 
ment ^*ave a final reading* of 14.0, while twice that amount, 0.0370 g., re¬ 
sulted in complete inhibition, presumably due to the destruction of the 
tyrosinase. We found it most satisfactory to use 0.022 g. p-cresol in each ex¬ 
periment, this being an innocuous amount and also easily measured in onr 
calibrated mieropipette. 

Many experiments were performed, varying concentrations of the com¬ 
ponents of the system and also changing the physical conditions. Table 2 
summarizes typical data. They are representative of all results obtained. 

TABLE 2. The efftef of wheat perm oil on potato tprosinasr 


O.i) (*c. 

O.o ('(*. 

0.5 ct*. wlu 
0.2.5 (*(*. 
0.05 c'c. 
U.005 ec. 
O.U005 cc. 
0.5 cf*. wlu 
0.05 cc. 
0.005 cc. 



Final 

reading 

Increase due 

Control 

made in this laboratory by 

Addition 

to addition 

‘ther and jietroleum ether) 

13.2 

18.0 

36.4% 

ditto 

8.4 

12 2 

45.2% 

ditto 

5.0 

9.5 

69.8% 

Abbott) ]»ressed 

13.0 

18.55 

36.4% 

ditto 

12.05 

16.1 

33.6% 

ditto 

13.4 

17.5 

30.6% 

ditto 

11.45 

13.85 

21.0% 

ditto 

13.7 

13.85 

Insignificant 

VioBin Corporation) extracted 

8.65 

11.75 

35.8% 

ditto 

9.85 

12.15 

23.3% 

ditto 

8.9 

10.6 

19.1% 


All three kijids of wheat germ oil, even if used in only 1% solution 
(equivalent to 0.005 ec.), produced an increase in the rate of tyrosinase ac¬ 
tivity. Each set of results in table 2 represents a series of experiments carried 
out with fresh potato juice. There is considerable variation in the activity of 
the juice, since no attempt was made to use peelings of uniform thickness. 
This also explains why data showing an “increase’’ lack mathematical uni¬ 
formity. Their significance is largely qualitative. 
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Ill all of the experiments here summarized, as well as all others tried, the 
increase in tyrosinase activity was ac.companied by a difference in color. This 
was not observed where the difference between the control and ‘‘addition’^ 
experiments was insi{ 2 :nificaut (table 2, line 8). The reaction mixture of the 
control experiments was dark brown; that of the addition experiments, brick 
red. Tlie dark red color could be extracted with methyl alcohol, indicatinj? 
the presence of OH groups. Ether or chloroform extracts were colorless. 
The brick red color in the ‘‘addition’^ experiments was not soluble in 
alcohol, but ^ave a brij^ht yellow solution with ether or chloroform. The 
brif>ht yellow color of the extracts would indicate the presence of quinoid 
frroups. There is every indication that in the stimulation experiments, there 
is not only a speedinp: up of the reaction, but also the formation of a different 
oxidation product. 

Wlieat j*erm oil contains, besides the vitamins of the E complex, vitamin 
A. To determine whether the vitamin A content of the wheat ficrm oil is 
related to the effect here described, we evaluated the vitamin A (‘ontent of 
the VioBin wheat ^erm oil in terms of White\s vitamin A ])reparation. The 
latter contained 108,100 TJ.S.P. units per jrram. The comparison was made in 
a “Lumetron^^ electrical colorimeter usin^ isopropyl alcohol as a solvent. 
It was found that a 10% solution of VioBin oil woidd contain per f>Tani the 
ecjuivalent of 0.00195 f?. of the vitamin A oil used for com])arison. This 
corres])onds to a 0.2% solution of the comparison preparation. Table shows 
results obtained at the end of thirty minutes. Experiments 1 and 8 are 
controls containinji: 0.022 p-eresol, 0.5 cc. water, 1 cc. 20% ))otato juice, 
and 0.5 cc. cotton seed oil. Experiments 2 and 4 contained the same reagents, 
except that the cotton seed oil was replaced by an eijual amount of a 0.2% 
solution of vitamin A oil (White) in cotton seed oil. The amount of vitamin 
A in experiments 2 and 4 would equal that contained in the same volume of 
10% Violiin wheat ^*erm oil solution in cotton seed oil. 

TABLE 3. The effect of vitamin A on potato tprosmase 


Experiment J 2 3 4 

Final rending 12.4 12.0 12.5 11.8 


Comparing the average of 1 and 8, i.e., 12.45, with the average of 2 and 4, 
i.e., 11.9, we find that no increase is brought about by the vitamin A. This 
resailt is corroborated by the lack of any difference in coloration in the ulti¬ 
mate mixtures. 

The next most obvious thought is that a tocopherol might be responsible 
for the effect. We secured a pure d,l a tocopherol from Merck and Company. 
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The materia] was weighed directly into the eatox apparatus. Results are 
shown in table 4. 

TABLE 4. The effect of ii,l a iocopherol on jwiato tifromiase 
In ea(*h trial tlit‘ following substances were used: 0,022 g. p-cresol, 0.5 cc. buffer, 1 cc. 
20% potato juice, and Kussiaii mineral oil and a toeoplieiol as indicated below. 


Ex])erimcnt 


Final reading 
Experiment 


Final reading 


1 2 3 

Control 0.0045 g. d,? jx tocopherol 0.0071 g. dj a tocopherol 

0.5 cc. Hus. min. oil in 0.5 cc. Hus. min. oil in 0.5 cc. Hus. min. oil 

14.95 14.8 14.7 

4 5 6 

Control 0.0114 g. d,/ cx tocopherol 0.0195 g. dj a tocopherol 

0.5 cc. Kus. min. oil in 0.5 cc. Hus. min. oil in 0.5 cc. Hus. min. oil 

14.2 14.3 13.8 


Results given in table 4 sliow that d.l a tocopherol (Merck) does not 
stimulate the aedion of tyrosinase. These results are corroborated by the fact 
that in both sets there Avas no difference in the color of the final reaction 
mixtures when the controls were comi)ared with the corresponding to(*()i)h- 
erol experiments. The (*olor in all cases was dark brown. 

We next tried a preparation of a, (3« and y tocopherol (Abbott Ijabora- 
tories). This is made by the distillation of certain vegetable oils and contains 
2d^/< of a mixture of the three tocojdierols. We have been unable to learn 
anything about the nature of the vegetable oils used besides wheat germ oil, 
nor have Ave been able to establish the relative amounts of a, (3, and y 
tO(*oph(n*ol in the mixture. Results are given in table 5. 

TABLE 5. The efftet of a, fJ, y tocopherol on po(af<t fifro.stnanc 

In each trial the fellowiiig substances were used: 9.922 g. p-cresol, 0.5 cc. buffer, 1 cc. 
2t*% potato ,iuice, and Hussiau miiieial oil and (x, p, y tocopherol as indicated below. 


E\’]U‘iiinent 1 

Control 

9.5 cc. Hus. min, oil 


Final reading 12.3 


2 3 

9.9335 g. a, (3, Y toco])h- 0.9387 g. a, (3, y tocoph¬ 
erol in 9.5 cc. Hus. erol in 9.5 cc. Hus. 

min. oil min. oil 


19.7 


18.2 


The a, (3, y tocojiherol preparation furnished by Abbott produced a pro¬ 
nounced increase in the tyrosinase activity. In ex])eriment 2 (table 5) the 
increase Avas 25^<', in experiment 3, 47.9'f ; the color in the control Avas the 
usual dark broAvn, Avhile in the tocopherol ex|)eriments the color of the final 
reaction mixtures Avas brick red. 
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CONCLUSIONS 

There is in wheat jyerm oil a constituent which speeds up the tyrosinase 
oxidation of p-cresol. This effect is not produced by the vitamin A in the 
oil or by the alpha tocopherol. It may be produced by beta or ^amma 
tocopherol or by some other constituent of w^heat jrerm oil. Owiiijr to the 
extremely small concentration of vitamin K in wheat s'e^’ni we are not in¬ 
clined to attribute the effect to K, This point however, is bein<>* investigated 
in this laboratory. 

Under the influence of the substance studied a different oxidation ])rod- 
uct is formed. This appears to be of quinoid character. It is ])ossible that, in 
normal tyrosinase oxidation of p-cresol, the unstable hydroxycpiinone 
formed as the third stapre of the oxidation spontaneously disappears, while 
ill the presence of the new component, it combines with it and thus becomes 
stabilized (10, pp. 198, 199). 

Bunzell Laboratories 
New York 
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CROSSING-OVER AND SECOND DIVISION SEGREGATION 

IN FUNGI 

FiiANris J. Ryan 

Til some tlie of* jreiietic faetors <*aii be detenniiied by 

tlie linear order in wbieb different phenotypes are distributed among: tlie 
‘^sexiiar’ spores. AVlien two mutant eliara(‘ters are found in the order A A 
a a the best interpretatioji is that tlie alleles responsible for them have sepa¬ 
rated in the first meiotie division. On the other hand when the arraiig:ement 
is A a A a or A a a A they have separated in the seeoud division (I)odg:e 
1927; Wileox 1928). Sueh seeoud division seg;regations have been exjdained 
by many my(‘oloj*‘ists in terms of a disjunetion of homologous ehromosomes 
during: the second meiotie division. Dodg:e (1940) has shown, however, that 
in many (*ases there is an eijually i>ossible alternative explanation whi(di in¬ 
volves the more modern but now classical notions of first division disjunction 
and crossing-over. Despite Dodge’s suggestion, there are two studi<*s on in¬ 
heritance in ascomycetes which apparently confirm with genetic data the old 
mycological jmint of view’. Doth Wiilker (11105) and Zickler (1904), who are 
aware of* the view’ now’ iirevalent among geneticists that alleles may be re- 
diu'ed (separated) in either the first or second meiotie division, contend that 
second division disjumdioii of homologous spindle fiber attacluiients or 
kinetochores (centromeres) must also b(‘ invoked to explain their ex])(‘ri- 
ments wnth Nrtirosjjora and Bonihardta respectively. This of course implies 
that each kiiudoiOiore is divided in the fii'st division, an un])i’e(‘e(b‘nted ha])- 
peuiug in the normal meiosis of other organisms. To date no adeipiate refuta¬ 
tion based ui)on an analysis of their extensive data has been made. 

Zickler was fortunate in being able to determine certain genotype's among 
his ascosj)ores w’ithout disseedion and germination because some of the genes 
w’ith w’hich he dealt affected the color of the ascospoi*es themselves as well as 
the mycelia they ])rodu<'ed In a eu’oss of the nndis and lacfca mutants the 
arrangement of greenish and colorless spores in the intact ascus showed that 
second division segregation took ])la(M' in (*6.4 ])ei* cent of 2355 asc'i. This, 
Zi(*kler pointed out, w’ould o(*('ur if the separation of the four chromatids 
into pairs in the first meioti(' division oc(*urred at random. That is, ea(di cln*o- 
matid has an equal chance to associate with each of three others. Since oidy 
one of the others is a sister chromatid while Dvo are non-sisters, first division 
segregation (association of sister chromatids) occurs half as frequently as 
second division segregation (association of non-sister chromatids).^ 

1 Walker believes the ratio would ]»e 1 : 1 instead of 2:1 if the se])arati()n info ])airs 
were random. His error liesdn the fact that he eonsidered only se])arations along the eqaa- 

()()5 
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Tf Ziokler^s interpretation is correct tlieu all factors, irrespective of their 
location on the chromosome, should show second division sef»Te<iation in two 
thirds of the cases. 

Tn a cross of viridis and rubiginosa mutants, howevei’, 8204 asei contain- 

frreenish and reddish spores showed 64 per cent second division se^ref>:a- 
tion. Zickler himself calculated that this percentaj»e was si«:uificant]y differ¬ 
ent from 66.7 per cent by statistical test. Tn an attempt to explain this dis¬ 
crepancy he concluded that somethin**: (external) must have influenced the 
random separation of the individual chromosomes or sup])ress(‘d their longi¬ 
tudinal split. 

Zickler may be correct in assumiu*? that some uncontrolled (althoiu^h 
j)erhaps jrenetic) variable is influencinj*: the number of s(*cond division se*>Te- 
**ations. h^or viridis, rnhiginosa and lactea are multiple alleles and, although 
he does not believe so, they would be expected to show the same ]>er(*enla<j:e 
second division seg:rej*‘atiou. Nevertheless, the task at hand is to determine 
whether a second division disjunction is the jiecessary interpretation of these 
data. 

The jiroblem can be ap])roached by an analysis similar to that which 
ljinde<»ren (1933) used in his studies on Ncuvospova. Since color is linked 
with sex in Hombardia the j)erceuta<^e of new combinations of the two factors 
can be (*alculated and comiiared with the sum of one half of the percenta{i:es 
of second division sej>Tej‘ation of these factors. (The ])ercentaj>es are halved 
ill order to obtain values comparable to those secured in Drosophila where 
only one half of all cases of crossin«»■-()ver are observed sinc(* only one of tlie 
four chromatids is recovered.) In the case of a first division disjunction with 
a sinjrle crossing-over these values are eipial. For examjde, if we assume 
crossing-over to occur in all asci as outlined in fijiui'c 1, the f^enotypes re¬ 
covered in the haploid spores would be AI^, aB, Ab, and ab. Thus, tliere are 
50 ))er cent new combinations. Second division sejjrrejration of A from a 
(A a A a) would occur in 100 jier cent of the cases and this divided in half 
is 50. Here se**Te<»:ation of B from b in the second division (B b IT b) never 
occurs and so the final value based on second division se**’relation is 50. This 
is exactly the same as that cah'ulated on the basis of new combinations. When 
we assume crossing-over to occur only in some ('ases the values are smaller 
but still remain equal—each crossing-over results in a second division se<»re- 
jiation so that two of four chromatids have new combinations of j^enes. From 
an afireement of this sort in Neurospora, Linde*»ren correctly concluded not 
only that there was crossin*>:-over in the'four strand stajre but that homolo¬ 
gous kinetoehores separated in the first division. 


tioiinl or rediictional sjaits and failtMl to rousldor diafyonal a^jific^atiojis acroHS both of 
tlicse i>lunea. 
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On the other hand, if it were granted that there is a random assortment 
of the four eliromatifis diirinji* meiosis as Aveli as erossiii^-over, an hypothesis 
whieli Ziekler eonsidc^red, then tin* above eomparison yields very different 
results (fijr. 2). Here tlie ^^enoty|>es reeovered and their order wonld be: 

Ali ;in Al» :il) na.3% 

AH ;ih nH Al)" 33.3% 

AH Ah uH ill) - 33.3% 

100 . 0 % 

50 per eent of these* are new eombinations. However, sinee there is 66.7 per 
cent second division sej»-relation of botli A and B a value of 66.7 is obtained 
Avhieh is quite different from the value based on new combinations. Tf one* 



A k At 



Fig. 1. Ortliexlox IxOiavioi of e'hroniotiels during tlio iiist mcie^tir division involving’ 
e-roHsiiig-ovcr and first division disjunction of honiolog^ous I'imdocliorcs (I). The kineto- 
chores split in tlie^ second division. Fici. 2. H,v]K)tlietical l)t‘havior of edivoinatids during: 
the first me'iotic elivision assuming: cvossing:*o\ei and random segrejjation of kiuetoclioros 
which split in the first di\isioii. Fio. 3. Houhle cr()asing:-(»ver with first elivision disjunc¬ 
tion of homolojrous kinetochores which results in ohi and new combinations and second 
division segregjation of genetic factois. 
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assumes that the attraction of sister chromatids is somewhat {greater than 
that between non-sisters then tliere is a closer correspondence of values cal¬ 
culated by the two methods. The values eventually coincide wdien sister at¬ 
traction is complete but this situation is identical with first division disjunc¬ 
tion of kinetochores discussed in the paragraph above. 

If we assume crossin{yj-over to occur only in some cases the value of 66.7 
is still obtained from second division sejyrejjfations just as it was when we 
assumed either that there was no crossinj?-over or that crossinji:-over occurred 
in all of the cases. However, the value obtained from new combinations de¬ 
creases in proportion to the decrease in percentajre of crossing-over and in 
this way the discrepancy between the two values increases. 

Thus a method seems available for determininij: whether a second division 
sejrref*:ation is the result of a first or a second division disjunction of homolo¬ 
gous kinetochores. 

The only evidence which Zickler gives that could be put to this test is in a 
footnote. Here he states that there were only .‘17.1 j)er (»ent new combinations 
of, color and sex in the ruhi(jinosa-viridIs cross. Zickler found .57.7 per cent- 
second division segregation of color and 62.7 per cent second division segre¬ 
gation of sex. These divided in half are arbitrary measures of Ihe map dis¬ 
tance of the loci from the kinetochores, Thend'ore 28.9 and .31.4 may be either 
added or subtracted according to Avhetlier the color and sex loci are on the 
same or opposite sides of the kinetochore. SiiU'C neither of the resultant 
values of 60.2 or 2.5 corresjxmd with the map distanc.e calculated from new 
combinations, Zickler concludes that cu’ossing-ovcr cannot explain the fre- 
ciuency of first and second division segregations. 

Stripped to its essence, however, this lack of c()rres])()iulence simply 
means either that all the second division segregations of rnblijinosa from 
viridis did not result in new combinations with sex (60.2 compared with 
87.1) or that all the new combinations were not the result of second division 
segregations (87.1 compared with 2.5). This is exactly what could be ex¬ 
pected if double crossovers had occurred (fig. 8). Such crossovers can yield 
both new and old combinations and yet the result is always second division 
segregation. If we assume for the time being that the four possible types of 
double crossing-over occur in ecpial proportions then the following genotypes 
are obtained in the order shown; 


2 Zickler consistently found a smaller percentage of second division segregations of 
virMift from ruhiffinom when ho dissected and germinated ascospores than ho found by 
direct count in the a sc us. For example, in this experiment he found 57.7 per cent com¬ 
pared with 64.0 per cent—an even greater deviation from the 66.7 per cent predicted on 
the basis of random segregation of kinetochores. The discrepancy between results ob¬ 
tained by different tyiDcs of analyses he likewise attributes to environmental influence. 
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AU 

ab 

AB 

ab = 25% 

Ab 

aB 

Ab 

aR= 25% 

Ab 

aB 

AB 

ab = 25% 

AB 

ab 

Ab 

aB= 25% 

100% 


There are 50 per cent new (‘oinbinations. But there arc 100 per cent second 
division segregations of botii A and B so that a value of 100 is obtained to 
compare with 50. It is obvious there is a discrepancy resembliiif? that be¬ 
tween the values of :t7.1 from recombinations and 60.2 from second division 
sefiTej>ations obtained in the viridis-rubiginosa cross. (The value 2.5 will 
not be considered because it may not be sipiificantly different from 0 and 
at any rate it is not predicted by the hypothesis of random sejrref»atiou of 
homolojious kinetochores.) 

Tlie discrepancy betw’een the vahies for second division sej>:rej»:ation and 
new combinations can be corrected by the use of tlie e(piation m ni -2 mn 
= ^/( new combinations betAveen color and sex (Haldane 1919) Avhere m = map 
distance or recombination b(‘tween color and kinetochore and n-map dis¬ 
tance or recombination between sex and kinetochor(‘. This is sim[)ly a sub¬ 
traction of an estimate of the percentage of old combinations formed by 
double (‘rossin»-over Avdiich rise to second division sej»Teo‘ation (see 
fijiure »‘l) from the perceiitaj»e of new combinations expected if there Avere 
no double ('rossin<»-over. Solvin<i\ .289 + .314--.181 = .422, or 42.2 ])er cent 
ncAV combinations are expected from the data on sei'ond division se<ireji*a- 
tion when double crossiiifr-oA'er is taken into account and, as Avas assumed, 
crossin^^-ovcr is random. This is rather close coiTespondenee Avith the ob¬ 
served value of 37.1 per cent. The small dift’erenc(‘ betAveen the two may be 
due to the presence of more double crossing-over than Avould be ex])ect(‘d on 
the basis of chance. This Avould increase the value of mn in the ecpiation and 
decrease the j)ercenta<ie of iu*w combinations ex])ected. Smdi an (‘X]>lanation 
seems reasonable in vicAv of the fact that non-random i*rossin^-o\^er ajipears 
to occur amon^* molds (Linde»Ten and Linde<»ren 1937, 1939; Whitehouse 
1942) 

It Avould be possible to determine decisively Avhether Zickler^s ratios Avere 
the result of double crossin^-oA’er, Avere it ])ossible to analyze the j>eiiotypes 
and orders of spores from the viridis \ ruhiginosa cross. Unfortunately, 
Zickler does not ])resent his ori<»inal data so that this point cannot be finally 
decided. 

Wiilker forlunately does present his original data on Ncnrospora and so 
it is possible to determine directly the pro])ortion of ascus arranfrements 
resultin<r from double crossinp:-over. Indeed, recof>:nizin<j: this jiossible in¬ 
terpretation, he carried out the analysis liimself and shoAved Iioav all the 
arraun:ements he found could be exjdained in terms of crossinj^-over. But 
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the presence of 28 asei resulting from three-strand crossing-over (fig. 3, C 
and D) compared with 8 asci resulting from two-straiid crossing-over (fig. 
3, A) and 8 resulting from four-strand crossing-over (fig. 3, B) seemed 
disproportionate to him. Conseciuently he made an elaborate estimate of the 
proper ratios of first and second division disjunctions combined with several 
types of crossing-over which would yield the ascus types he observed. It is 
not necessary to discuss these estimates because Wiilker revealed the critical 
point for his hypotheses in these words which are freely translated—‘^The 
appreciation of all following calculations depends alone upon recognizing 
in the value of 28 asci a deviation from the numbers expected exclusively 
from crossing-over which cannot be explained in other ways.’’ Accordingly, 
if it is possible to show that 28 asci resulting from three-strand crossing-over 
is not beyond expectation in Wiilkcr’s results, it is not nece.ssary to accept 
his scheme for second division disjunction. 

In the first place the total number of double crossovers across the kineto- 
chore (it is impossible to calculate the expected percentage of crossing-over 
in one arm because only one gene was studied in each arm), 24.4 per cent, 
resembles that calculated from the frequency of single crossing-over, 24.8 per 
cent. Moreover, it can be seen from figure 3 that the expected ratio of two-, 
three- and four-strand double crossing-over occurring at random is 1:2:1. 
When a is applied to the fit of the 8 two-strand, the 28 three-strand, 

and the 8 four-strand double crossover asei to the 1:2:1 ratio a P of 0.2 is 
obtained indicating a good fit to the crossing-over hypothesis for su('h a small 


number of cases,thus: 




Number of strands involved in 




double crossing-over 

O 

.3 

4 

Actual number of asci 

8 

28 

8 

Expectation (e) 

11 

22 

11 

Deviation (d) 

.3 

(5 

3 

d2 

9 

36 

9 

d2 

0.82 

1.64 

0.82 

d2 

2- = X-'-3-28 

P = ().2 




We may conclude therefore that in Neurospora the genetic evidence indicates 
first division disjunction of kinetochores and crossing-over. 

In summary, it is certain that Zickler’s data on Bomhardia, as presented, 
are not crucial in demonstrating either a ,first or a second division disjunc¬ 
tion of homologous kineto<*hores. The crucial data for establishing first divi¬ 
sion* disjunction—the recognition of double crossing-over—^may be in his 
original records but are not presented in his report. Neither has he found 
the data crucial for a demonstration of a second division disjunction— 

sit is interesting to note that Wiilker’s data on Neurospora sifdjjJtila ])rovide no 
evidence for the non-random crossing-over found by Lindegren for N. crassa. 
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namely, that all factors irrespective of their location on the chromosome 
show second division segregation in two-thirds of the cases. In short, if single 
and double crossing-over occurs, as seems likely, the data can be explained 
on an orthodox genetic basis. Moreover, besides Wiilker’s demonstration tliat 
the ascus types lie obtained in Nenrospora can be explained in terms of first 
division disjunction and crossing-over, it is possible to sJiow that even the 
ratios of these types to one anotlier are as would be expected on this basis. 
This is critical evidence on behalf of first division disjunction of kinetochores. 

Thus, there is every reason to believe that, in molds as in other organ¬ 
isms, homologous kinetochores separate in the first meioti(* division (reduc- 
tionally) and each kinetochore divides in the second division (ecpiationally). 

Department of Zoology, (^olitmbia University 
New York 
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THE NUMBER OF CHROMOSOMES IN TWO SPECIES OF 
AMORPHOPHALLUS 

Clyde Chandler 

Plants of the genus Amorjjhophallm are native of the tropics. The giant 
forms of this genus are cpiite often grown as curiosities in hot houses in the 
more temperate regions. The size and structure of the inflorescence, the 
flower behavior, the short imriod of bloom, and the infrequencj^ of bloom on 
these plants in cultivation create interOvSt for both the casual observer and 
the scientist. 

Few cytologieal observations have been reported for this entire genus of 
approximately 90 species. Stout (1937) reported observations on the pollen, 
the result of germination tests and the relation of the pollen tubes to the style 
for one plant of ^1. titanum. The writer knows of no report concerning the 
number of chromosomes in any plant of this genus. 

Plants of two species oi* Amorphaphalf m have flowered in the conserva¬ 
tories of The New York Botanical Carden. A sixty-pound conn of A. iifanum 
which was obtained by Dr. E. D. Merrill (1932) from A. M. Oostingh, Fort 
de Kock, Sumatra, in June, 1932, flowered in June 1937. An accurate de¬ 
scription of the flowering of this corm was published in the Journal of The 
New York Botanical Garden (August 1937). Hoot lips were collected from 
the corm when it was removed from its tub three days after flowering. These 
root tips were not actively growing and none had mitotic figures. 

Another smaller corm of Amorphophallus iitauum was collected in 
Sumatra b}" Mr. B. A. Krukoff and sent to the Garden in 1935 (accession no. 
77023). When the plant which was obtained from tliis corm was actively 
growing, root tips were collected and fixed for cytologieal observations. 
Later when the plant flowered in July 1939 it was identified as A. fiiaunm. 
It was somewhat smaller than the plant which flowered in 1937. 

The root tips were fixed in Flemming^s medium fixative, sectioned, and 
stained with Heidenhain’s hematoxylin. Each ot* the seventeen somatic cells 
in which the entire complement of chromosomes could be counted contained 
26 chromosomes. A study of these showed that there were present 13 pairs 
of homologous chromosomes. It appears then that there were two sets of 13 
chBomosomes each. The members of one of these sets are shown in figure 1. 

As shown, there were distinct differences in the size and shape of the 
chromosomes in each set. The longest chromosomes were about three times 
the length of the smaller ones. Since it Avas not convenient Jo make smear 
preparations of pollen-mother-cells the exact location of the spindle fiber 

612 


1943J 


CHANDLER: CHROMOSOMES OF AMORPIlOPllALLIES 


613 


insertion regions was not detennined. It seemed, liowever, that two of the 
chromosomes had median, four had siibmedian, and seven had terminal or 
sub-terminal insertion rej?ioiis. 

Plants of Amorplxophallva hxdhifer have been ^rowino- in the New York 
Botanical (larden ^greenhouses since 1902 when several conns were received 
from Edinburo:h (accession no. 14468). Cytoloo:ical studies of the root tips 
of a plant of .1. hulbifer revealed that it had 36 chromosomes in its somatic 
cells. Study of these chromosomes seemed to indicate that each of the two sets 
of homolojis was (‘imposed of 18 chromosomes which were somewhat morpho¬ 
logically different from one another. One s(4 of 18 cliromosoines is shown in 
fifinre 2. Only three chromosomes here desiojiated B, O, and K, of .1. bxdhifcr 



AA 

ABC D E FGHIJ KLMNOPQR 

2 

PifJ. 1. Quo set of cliioiiioHcmioH in tlio somritie tissue of A niorphophaffns t Annum. 
Fkj. Olio sot of (‘liroiiiosoiiios in tlio som.'itio tissue of A ntorphophnUns hulhifer. 

appeannl to be closely similar to chromosomes A, D, and K of A. tifaiinm. 
All other chromosomes in a sinjrle set differed from one another as well as 
from all other chromosomes of A. fifanum. Five of these chromosomes seemed 
to have median insertion rejrions, nine had sub-median and four had terminal 
or sub-terminal s])indle fiber insertion areas. 

(laiser (1930) lists the number of chromosomes for 57 sj)ecies of plants of 
the family Araceae. It is to be noted that Arisacnia scrrahim var. Thnnbcrgii 
f. Blumei is the only species for which the diploid number of 26 chromosomes 
is friven. No species is accredited with 36 chromosomes in the somatic tissue. 
However, the 2n number of chromosomes in Anihurxxnn crassincn'ivm and 
A. Widlisii is ca. 60 and A. radicans is »iven as 50. The hai)loid number of 15 
seems most frecpient while 8, 9, 10, 12 and 16 have been observed in A^arious 
species of the Araceae. 
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In this study it has been determined that for the plants studied the 
diploid number of ehromosomes in somatic cells of Amorphophallus titanum 
is 26 and that for A. hulbifer is 36. Assuming that these are all in homologous 
pairs the haploid numbers for these plants are 13 and 18. And it is the giant 
species which has the lower number. These numbers do not indicate a simple 
polyploid relationship for these two species. 

There is, however, a striking resemblance between chromosomes A and B; 
C and D; H, I, J and K; and M and N of a single set from A. bulhifer as 
may be observed in figure 2. 
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THE GENUS STACHYURUS 

Hui-Lin Li 

In til is study an attempt is made to summarize our present knowledge ot‘ 
the taxonomy of the p:enus StachyuvHs, on the basis of the material available 
in the herbai*ium of the Arnold Arboretum of Harvard University. So com¬ 
plete is this material that only one recently described Japanese species, IS. 
ovalifolins Xakai, has not been seen by this writer rejiresented either by a 
type or a classical s])e(‘imen. The types of the few varieties described in this 
paper arc deposited in the herbarium of Arnold Arboretum. 

Sfaclnfurns was first described by Siebold and Zuccarini for S. pmecoj', 
a Japanese species, and included in the Pittosporaceae (Sieb. & Zucc. FI. 
Jap. 1: 4.‘1. 1835). Bentham (Jour. Linn. Soc. 5 : 55. 1861; Benth. & Hook. 
(Jen. 1: 184. 1862) later transfers it to the Ternstroemiaeeae. To both of 
these families the ^enus is only remotely related, (lilg* (in Engl. & Prantl, 
Xat. Pfl. 3 (6) : 192. 1893) more appropriately creates for it the family 
Stachyurac(‘ae and gives it a detailed treatment. Only two species were 
kno\Mi at that time, namely, S. praccojr Sieb. & Zucc. of Japan and IS. 
hinialiucns Hook. f. & Thomson of the Himalayan region. In the second edi¬ 
tion of the Xatui*lichen Pf1anzenfamili(*n (1925), the same Ireatmeni is 
reprinted without any additional data. 

The forms treated in this review are all that are known at present, total¬ 
ing twelve s])ecies and four varieties. The leaves are of special use in making 
taxonomic detei-minations. The shape, size, apex, base, margin, and venation 
of the leaves, as well as the length of the petioles, are used extensively to dis¬ 
tinguish the different s])ecies. The length of the inflorescences, pedicels, and 
styles is also useful in identiflcation. The flowering parts, except for minor 
points pertaining to the length of the styles, exhibit litth* variation. The size 
and shape of the fruit are sometimes essential for species idimtification. 

Franch(*t (Jour, de Bot. 12: 254. 1898) divides the genus into two sec¬ 
tions, (^allosunts and (iyrnnosnrus. He characterizes the two sections as fol¬ 
lows: “Sectio 1. Pallosurus.—folia racemos axillentia ])ersistentis; racemi 
pedunculati. Sectio 2. Byninosurus.—folia racemos axillentia ajite anthesim 
decidua ; racemi sessiles.” To the first section belong S. yununHcusis Franch.. 
and N. (thot'ufus (Behder) Li, and to the second section the remaining s])e- 
cies. The ])edun(*les in the first section are rather short and not always dis¬ 
tinct, but in the second section the inflore.scences ar(‘ invariably sessile or 
subsessih'. 

The inflorescences in both sections are spikes or ]*a(*emes arising from the 
axils of leaves, usually .produced by one-year-old wood. The differences that 
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Franchet emphasizes in his diagnostic summary are best interpreted as fol¬ 
lows : 

Sect. Callostmis: The spike grows on a normal axillary fiorescent axis, 
that is, without tending to disjdace or to suppress the leaf itself, and the leaf 
consequently persists throughout the flower- and fruit-stage. 

Sect. Gymnosurvs: The spike tends to eliminate the leaf, which is cadu¬ 
cous; the result is that the inflorescences and infructescenees are borne with¬ 
out a subtending leaf. 

The basis of this difference, which Franchet fails to notice, is ess(‘ntially 
physiological, and presumably, to a certain extent, also anatomical. In CaU 
losurus, the part of the stem that bears the flowers and fruits remain essen¬ 
tially a vegetative axis with lateral inflorescences. In GyyntioHurus, on the 
contrary, the same part of the stem tends to be(*ome a floriferous axis, in a 
maimer suggestive of an apical or intercalary inflorescence. The passage from 
one form of habit to the other is subtle and may, in certain species, be appar¬ 
ent only as a tendency, but it is marked enough to justify the retention of 
Franchet \s sections and characterizations. 

Stachyyrus is confined to the temperate regions of eastern Asia, extend¬ 
ing from the eastern Himalayas in the west to the Bonin Islands in the east, 
but not ranging below 20° N. Lat. It is known in nortiiei'ii Burma, Tonkin, 
and Kwangtung proper, but apparently it is lacking in Hainan Island. On 
the Asiatic mainland, the spread of the genus scarcely extends northward to 
35° N. Lat., but it is found in all parts of the Japanese Archipelago as far 
north as Hokkaido. The sijecies are local in their distribution, excei)t 
praecox Sieb. & Zucc., which is widely distributed in Japan pro])er, N. clil- 
ncrisis Franch. and its varieties, which are known in all the (liinesc provim'cs 
where the genus is recorded, and S. hhnalaicus Hook. f. & Thomson, which 
extends from eastern India through southern China to Formosa. 


Staciiyurus Sieb. & Zucc. FI. Jap. 1: 42. pL 18. 1835; Endl. Gen. PI. 2: 
1083 (n. 5669). 1840; Benth. & Hook. Gen. 1: 194. 1862; Gilg in Engl. & 
Prantl, Nat. Pfl. 3 (6) : 193. 1893; ed. 2. 21: 458, 1925; Rehder, Man. Cult. 
Trees & Shrubs 640. 1927; ed. 2. 654. 1940. 

Shrubs or small trees, deciduous or evergreen, glabrous, often with 
straggling branches, the branchlets with large ])ith, the winterbuds small, 
with 2-4 outer scales; leaves alternate, the petioles slender, the blades mem¬ 
branaceous to coriaceous, serrulate; stipules small, caducous; flowers small, 
regular, perfect or functionally dioecious,'sessile to short-pedicellate, in erect 
or pendulous racemes or in spikes axillary on last years branches, with one 
bract at the base of the pedicel and two bracteoles subtending the flower; 
sepals and petals each four, free, imbricate; stamens 8, distinct, the anthers 
versatile; ovary superior, incompletely 4-celled by the intrusion of the 
parietal placentae, the style simple, short, the stigmas capitate, 4-lobed, the 
ovules many; fruit berry-like, with leathery pericarp; seeds many, small. 
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with soft arilliis, albuminous, the embryo strai<,^ht, the cotyledons elliptic, 
the radicles short. 

Type species : Sfachyurus praecox Sieb. & Zucc. 

Key to the specues and varieties 

A. licaves at tlu* base of tho inflorcscoiu'o persistent; infloreseeiiecs sliort- 
peduneulate. (Section I. Callosurna Francli.) 

B. Leaves ovate to obloiif^-ovate; inflorescences 3 -9 cm. long, ^vith 12 -22 
flowers or fruits. 

0, Fruits Hubsessilc or very sliort pedicellate, tlie ])C(licels to 1 mm. 
long ]. S, yit7ina7iC7isis, 

(V. Fruits long-j)edicellate, the x>cdicels 3-5 mm. long, articulate at 
the middle la. S. yiomanensis var. pcdivclhii uh. 

BB. Leaves obovate to oblong-obovate; inflorescences about 1.5 cm. long, 

Avith 3-8 (rarely 10) flowers or fruits 2. S. ohov(iiu,s, 

AA. Leaves at the base of the inflorescence early deciduous; inflorescences 
sessile or subsessile. (Section II. Gymnosurus Franch.) 

B. Leaves oblong-lanceolate to linear-lanceolate, about 3 times or more 
as long as broad, the marginal teeth very fine, mostly close*. 

C. Leaves with longitudinal veins located a little more* than half way 
between the midrib and margin, united Avith the straight or slightly 
curved lateral nerves. 

1). lA'aves nairowly linear-lanceolate, the Imse acute, the serra¬ 
tions more or less remote, inconspicuous, incurved and obtuse 3. S. mJicifohvs. 
DT). LeuA’cs oblong-lanceolate, the base cordate, the serrations 
fine, very close, more or less straight and pointed, rigid 4. S. cordaiuluH, 

Leaves without longitudinal A’eins, the lateial nerves ascending 
and prolonged. 

I). Tjeaf-base acute, the apex acuminate, the marginal teeth sharp- 
])ointed; petioles about 2.5 cm. long; inflorescences about 10 cm. 
long 5. S. Inmaloicus, 

1)1). IjCaf-base cordate, the apex long-acuminate, the marginal 
teeth slightly incurved and obtuse; petioles alK)ut 4.5 cm. long; 
inflorescences al)out 14 cm. long fi. S. l(n\rtf<flni.s. 

BB. Leaves ovate-oblong to orbicular, about 2 times or less as long as 
broad, the marginal teeth coarse, generally more i-emote. 

C. Leaves ovate-oblong, about 2 times as long as broad (Japanese 
species). 

B. Leaves long-petiolate, the petioles .3-5 cm. long; fruits large, 

1.3-2 cm. long. 

F. Leaves long-acuminate, the base rounded to subcordate, the 

marginal teeth prominent, pointed; inflor(*vScences robust, about 

8-9 cm. long; fruits oblong-oboA^ate, 1.3-5 cm. long 7. S. Mttlsuznkn. 

FK. Ijeaves acute, the base broadly .acute, the marginal teeth 

less promint'iit, obtuse; inflorescences slender, 4-5 cm. long; 

fruits broadly oblong, 1.8-2 cm. long. 

F. Lateral nerves about fl on each side 8. S. inacrocarpii^. 

FF. Lateral nerves 9-11 on each side. 

8a. indcrocarpus var. )>) loi} fall us. 
DI). Leaves AA'ith petioles about 1,5-2 cm. long; fruits small, 
about 1 cm. long 11. S. praecox. 

OC. LeaATS OA\ate to orbicular, as long as to less than 2 times as long 
as broad (Chinese species). 

D. Leaves acuminate or cuspidate. 
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E. Leaves ovate, the apex long-acuminate, the base acute to 
rounded .... 10, iS. chinensis. 

EE. Leaves orbicular, the apex abruptly short-acuminate or 
cuspidate, the base cordate. 

P. Leaves abruptly acuminate, the acumen 5-8 mm. long. 

10a, S. chinenais var. latiis. 

PF. Leaves cuspidate-cmarginate, the acumen 10-15 mm. 

long 10b. S. chinenais var. euspidat us. 

BD. Leaves eniarginate or bilobed 11. S.retusus. 

No specimen observed .12. S. ovalifoUus. 

1. Stachyurus yttnnanensis Fraiich. Jour, de Bot. 12: 253.1898; Rehder 
in Sarg. PI. Wils. 1: 288. 1912; Jour. Arnold Arb. 15; 103. 1934; Chung, 
Mem. Scd. Soc. China 1: 176. 1924; Hand.-Maz. Symb. Sin. 7; 383. 1931. 
Stachyurus Esquiroln H. Levi. FI. Kouy-Tcheou 416. 1915. Figure 1. 

A shrub, 1.5-3 m. tall, the branchlets olivaceous, with lenticels; leaves 
coriaceous, persistent, glabrous, greenish and slightly lustrous above, pale 
beneath, ovate-oblong to ovate-lanceolate, 6-12 cm. long, 2-4 cm. wide, the 
apex caudate-acuminate, the base acute, the margins finely and sharply ser¬ 
rulate, the teeth pointed, with eallose apices, the lateral nerves 5-7 on each 
side, ascending, inconspicuous to subconspicuous above, slightly elevated and 
conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 
petioles 1-2.5 cm. long; infioreseences 6-10 cm. long, erect or pendulous, 
short-pedunculate, the peduncles 0.5-1 cm. long, the flowers yellow, subses- 
sile, the bracts triangular-ovate, acuminate, about 2.5 mm. long, tlie brac- 
teoles ovate, acute, about 3 mm. long; sei^als ovate, about 4.5 mm. long, acute; 
petals obovate, obtuse, 6-7 mm. long, about 4 mm. wide; filaments about 5 
mm. long; ovary and style about 6 mm. long, scarcely exerted, the stigmas 
capitate, distinct; fruit globose, about 6 mm. across, sessile, wdth persistent 
style. 

(yHiNA: SZECHUAN: Huiig-ynh Hsien, E. 11. WiLson Uo.}.'): Ping picii ITsion, //. T. 
Tsai 6^960; Mt. Omei, W. P. Fang T. T. Tu 399, 405, Y. S. Lm 1633, 1668, 4776, 

C. Y. Chiao 4' yunnan: Mo-so-yn (Lon Kong), 

DHavay SB£ (syntype, photo, and inerotype of leaf in AA), April, 1884, 3334 (syntyj>e, 
merotype of flowers in AA); Chainpiitong, Der-la, C. if'. Wang 66805. kwEichow : 
Than-lo, *7. Esquirol 3517 (holotypc of S. Esquiroln H. Levi., merotype in AA) ; An-limg, 
Kow-chang, Y. Tsiang 7418; Kwoiyang, Chan Lin Hhan, S. W. Teng 90031. 

This species can be distinguished from the other two common Chinese 
species of the genus, S. himalaicus Hook. f. & Thomson and S. chinensis 
Franch., by the fact that the leaves at the base of the racemes are persistent 
rather than early deciduous. The leaves of S. yimnane^isis resemble those of 
S. himalaicus, differing; in addition to the character mentioned above, in the 
generally smaller size and coarser and more remote serrations. 

la. Stachyurus yunnanensis Franch. var. pedicellattts liohder in 
Sarg. PI. Wils. 1: 288. 1912; Chung, Mem. Sci. Soc. (^hina 1: 176. 1924. 
Figure 2. 

Differs from the species in the distinctly pedicellate fruit, the pedicels 
3-5 mm. long, articulate at the middle. 

CHINA: SZECHUAN: Yuiig-yaiig Hsien, E. II Wilson 4541 (hole^type) July, 1910. 
YUNN.\N: Loping, Tjitjisehan, H. Handel-Mazzelfi £7-=110188 (immature friiits; identi¬ 
fied by Handel-Mazzetti as S. iiunnanensis Praiieh.). 
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2. Stachyurus obovatus (Rehder) Li, comb. nov. Stachynrus yunnanen- 
sis Fraiich. var. ohovafa Rehder in Jour. Arnold Arb. 11: 165. 1930; Hand.- 
Maz. Symb. Sin. 7: 383.1931. Figure 3. 

A shrub, 1-3 m. tall, the branchlets olivaceous; leaves subcoriaeeous, per¬ 
sistent, short-petiolate, greenish and slightly lustrous above, pale beneath, 
obovate, 5.5-7.5 cm. long, 2~3 cm. wide, the apex long-eaudate-acuminate, the 
acumen 1-1.5 cm. long, the base narrowly attenuate, the margins slightly 
serrulate to subentire below, finely and sharply serrulate above, the teeth 
pointed, slightly callose, the lateral nerves about 5-7 on each side, subcon- 
spicuous above, elevated and prominent beneath, the tertiary veins incon¬ 
spicuous on both surfaces; petioles about 0.5 cm. long; inflorescences spicate, 
short-pedunculate, 1-1.5 cm. long, the flowers sessile to subsessile, the bracts 
ovate, long-acuminate, about 1.5 mm. long, the bracteoles ovate, about 2 mm. 
long; sepals ovate, about 2 mm. long; iietals ovate, 4-5 mm. long, 2-5 mm. 
wide; filaments about 4 mm. long; ovary and style about 4 mm. long, in¬ 
cluded, the stigmas ovate; fruit globose, about 7 mm. across, pedicellate, the 
pedicels 3-4 mm. long, articulate at the middle. 

CHINA: szKCHUAN; Kuan Hsien, W, P. Fang 2000, 12156, F. T. Wang 20504, 206IS, 
Y, S. Liu 1856, C. S. Fan 81; Mt. Omei, W. I\ Fang 3910, 7833, 6158, S, Lin 1725, 
C, F. Chiao 4' C. S. Fan 412; Piiig-sluiii Hsien, F, T, Wang 22698, 

Professor Rehder states that “this plant looks at the first glance very 
distinct on account of its obovate almost lyrate caudate-acuminate leaves, 
but the leaves of some specimens of S. ynnnanensis before me show a ten¬ 
dency toward an obovate shape and the serration agrees with that of S. yun- 
nanensis. As the flowers are unknown, the specimens bearing yomig fruits, 
it does not seem wise to describe it as a new species.^’ With ade(juate flower¬ 
ing material {Fang 12156 and Wang 22698) and young fruiting material 
{Wang 20504, 20618) on hand, this writer is convinced tliat the variety 
(leserves a specific standing. The leaves are not only distinctly and (*onstantly 
obovate in shape, but they are also generally smaller than those of S. ynnnan¬ 
ensis Franch. Moreover, the inflorescences are characteristically very short, 
s(‘arcely exceeding 2 cm. long, and bearing only 3-8, rarely 10, flowers or 
fruits, and the styles are iiK'luded, while in 8. ynnnanensis t^he infloresceiUM'S 
are 3-9 cm. long, bearing 12-22 flowers or fruits, and the styles are exerted. 

3. Stachyurus salicifolius Franch. Jour, de Bot. 12: 253. 1898; (3]ung, 
Mem. Sci. Soc. China 1: 176.1924. Figure 4. 

A shrub, 1.5-3 m. tall, the branchlets olivaceous, glabrous; leaves char- 
taeeous, glabrous, dark green above, pale beneath, linear-lanceolate, 8-15 
cm. long, 0.7-1.7 cm. wide, the apex caudate-acuminate, the base obtuse, the 
margins inconspicuously serrulate, the teeth obtuse, incurved, the lat(»ral 
nerves about 6-8 on each side, at first oblupiely spreading, then abru[)tly 
ascending into longitudinal veins parallel to the midrib, their tips frequently 
joining the pi*eceding lateral nerves, inconspicuous above, slightly elevated 
and conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 
petioles short, 4-8 mm. long; inflorescences 5-7 cm. long, erect or pendulous, 
subsessile; flowers greenish white, subsessile or short-pedicellate, the bracts 
triangular-ovate, acuminate, about 2 mm. long, the bracteoles ovate, acute, 
about 2.5 mm. long; sepals ovate, about 4 mm. long, acute; petals obovate, 
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about 4 mm. .Vb.f) mm. wide, obtuse; filaments 5-6 mm. lon^^; ovaiy and 
style about 6 mm. loii^’, sear(*ely exerted, the stifiinas capitate, distinctfruit 
f?lobose, about 4-6 mm. in diameter, with persistent style, the pedicels about 
2.5 mm. long’. 

CHINA: szKc’Tii’AN: Mt. Oinei, K. //. WtUon 48(iS, If'. J\ Fa 7 )(f '41M), 8186, J4Sl)0, 
T, T, Yii 408, 454, Y, 8. Lm 1144; Piiig-shaii Hsieii, V\ T. Ji'atif/ 44754, 44764» YUNNAN: 
Tsdiciiforig Hlian, J<. P. Driavay s.n. (holotype, plioto. aiul inevotvpe ia A A), July, 1894; 
Yi-liaiig nsien, //. T. T,sai 54118. 

This species is easily distinguished from the otliers by the long and nar- 
row" linear-lanceolate leaves Avith rather short petioles 4-5 mm. long. 

4. Stac jiyckcs (HiRDATT iiT s Mcrr. llrittonia 4: 122. 1941. Figure 5. 

A shrub, subscandent, the braiu'hes glabrous; leaves chartaceous to cori¬ 
aceous, glabrous, olivaceous on both surfaces to slightly paler beneath, oblong 
to oblong-laiK'Oolate, 10-12 cm. long, 2.3-4 em. wide, the aiiex subcaudately 
acuminate, the base slightly or distinctly cordate, the margins finely ami 
sharply serrulate, the teeth ])ointed, s])reading, about 0.5 mm. long, wuth 
callose apic(»s, the lateral nei’ves 7 or 8 on each side, spreading, straight or 
slightly curved, unit(‘d with longitudinal nerves located a little mor(‘ than 
half way between the midrib and the leal* margins, subconspicuous above, 
distinct and elevated beneath, the tertiary veins inconspicuous on both sur¬ 
faces; ])etioles 6-9 mm. long; inflorescences spicate, 4-9 cm. long, subsessile, 
the flow’ers greenish to slightly rosy, 5-6 mm. long, sessih*, the bracts 1.5-2 
mm. long, ovate at base, long-acuminate, the bracteoles ovate, about 2 mm. 
long, subacute to s]iort-a(uiminate; s(*pals elliptic', concave, rounded, about 3 
mm. long; jietals obovate, roundcHi, about 5 mm. long and 3.5 mm. w’ide; 
filaments 1.5-2 mm. long; ovary ovoid, the style about 1 mm. long, tlie stig¬ 
mas capitate, about 1 mm. in diameter. 

PURMA: ’Njon "rniujo at tiu* Adujig-Siciigliku tauitliiciirt', aiul ahmg tlu* Adiiiig River, 
K. F. Ward 8176 (pal■at^l^c;, 8181 (holot njk*), Jaii. :nid lOllJ. 

This distinct species is near to SfacJfifunis hinuilaicys Hook. I*. & Thom¬ 
son in the oblong-lanceolate leaves with fine and close serrations, but it is 
easily distinguished from the latter in that its heaves are shortei'-petiolate, 
the base more distinctly cordate, the a]>ex longer-acuminate, and the serra¬ 
tions straight, out-pointed, and m(»re rigid. Moreover, the spec'ies is cliarac*- 
terized by the venation, the straight or slightly curved lateral nerv(‘s being 
united directly with the nearly as ])rominent longitudinal pair, Avhich is 
located a little more than half wa.v between tin* midrib and the leaf-margins. 
A similar charaetcu’istic venation is found only in X. saJicifoJius Fraiieh., but 
in that case the longitudinal v(*ins are not always as distinct and sometimes 
are represented by (»xteiisioiis of the lower lateral veins not fully connected 
with the upper latei*al ones. In other respects, N. sdlicijOlias is readily dis¬ 
tinguished from S. rordal)(]us by its very narrow’ linear-lam'colate leaves 
wdth acute bases and remote, obscure, and obtuse serrations. 

5. STAcimiRrs iiiMALAicrs Hook. f. & Thomson (‘x Bentli. Jour, biiin. 
8oe. Bot. 6: 55. 1861 ; Thiselton-Dver in Hook. f. FI. Brit. Ind. 1: 288. 1875; 
Hehder in Sarg. PI. AVils. 1: 287. 1912; Hayata, Ic. PI. Formosan. 5: 8. /. 5. 
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1915; Kaiiehira, Formosan Trees 62. /. 1917; Cliunji’, Mem. Sci. Soc. China 
1: 176. 1924; Ito, Taiwan Shoknbutu Dzusetu (Ill. Formosan PL) pL 464. 
1927; Chun, Siinyatsenia 1: 275.1934; Merr. Brittoiiia 4; 321. 1941. Stachy- 
nrus Siyeyosii Masamune, Trans. Nat. Hist. Soc. Formosa 28: 287. 1938, 
syn. nov. Fij»ure 6. 

A small tree with spreading? branehes, the branehlets ehestnut-brown, 
with'whitish lentieels; leaves chartaeeoiis to coriaceous, glabrous, greenish 
above, pale beneath, oblong to oblong-lanceolate, 8-13 cm. long, 3.5-5.5 cm. 
wide, the apex long-caudate-aeuminate, the base rounded to subcordate, the 
margins finely serrulate, the teeth minute, pointed, with eallose apices, the 
lateral veins 5-7 on each side, ascending, elevated and prominent on both 
surfaces, the tertiary veins reticulate, subcoiispicuous on both surfaces; 
petioles 0.5-1.5 cm. long; inflorescences 5-10 cm. long, erect or pendulous, 
sessile, the flowers yellow, sessile, the bracts triangular-ovate, acuminate, 
about 2 mm. long, the bracteoles broadly ovate, acute, about 2 mm. long; 
sepals broadly ovate, obtuse, about 3 mm. long; petals obovate, rounded, 5 
mm. long, 3.5 mm. wide; filaments 4-5 mm. long; ovary and style about 5 
mm. long, scarcely exerted, the stigmas capitate; fruit subglobose, about 7-8 
mm. across, subscssile to short-pedicellate, with short persistent styl(‘, the 
pedicels 2-3.5 mm. long, articulate at the middle. 

CHINA: HUNAN: Sinning Hsieii, (\ S. Fan 4’- V. V. hi ddS. hupeh: Chaiig-yang 
Hsion, F. JJ. Wilson no precise locality, A. Henry S449 A (fragmentary). SZE¬ 

CHUAN: JVtt. Oinei, T. S. Lni JG70, (\ 3^ Chiao 4* C. S. Fan 387; Kiian TTsieii, Chien-chang 
Shan, C. 8, Fan 13. sikang: Ya-an, C. Y. Chuio 1933. Yunnan: no ])recise locality, 
E. F. Mairr 08, G. Forrest 93'^3, 9776, 36313, T. T. Yu 13 434, JI. T. T.sai 37306, 37399; 
Mengtze, A. Henry 30138, 10138A, 10343; Niou-loii-kiang, FI. E. Haire 83; between Scliin- 
Inng find Ta Sung Slui, C. Hehneidrr .IfS; Yuniuinfn, C. Schnei/ler 378; Ta Chang, C. 
Aehnelder 749; liikiang, C. Sehnetder 3841, J. F\ Foelc 1(f3'}3, (i. Forrest 23i!i.2U C. W. 
Wang 70699, K. M. Feng 404, li. C. Ching 31393; Tengyueh, »/. F\ KocF 7994; ('hanipu- 
t(»ng, Mt. Kcnyichunpo, J. F. Foci: 113:33; Pe Yen Tsin, Son Pin Chao, S. Ten 334, 364; 
Ma-kwan Hsien, H, T. Tsai 31831; Shang-pa ITsien, H. T. Tsai 347 38; Lan ping ITsien, 
H. T. Tsai 34047, 36383; Lung-ling Ilsien, //. T. Tsai 36464; Woi-Mi Hsien, //. T. Tsai 
63019, C, W. Wang 67900; Champiitong, G. W. Wang 66709; Kiukiang Valley, T. T. Yn 
19438; Loiidjrela, T. T. Yu 33147; northern Bank of llaba Snow Range, K. M. Feng 
J184; southern Chungtien, K. M, Feng 3087. KWEICHOW: Fan (JHiing Shan, Sleicard, 
(Oilao, (jr Cheo 38. kwangsi: Jjing-wan Ilsien, 8. K. Lau 20438, Steward 4* Cheo 623; 
Kwei lin TIsien, Ma-wang-shaii, Ji\ T. Tsang 28230, 28349. kwanotung: Pan Ling Tsze, 
W. Y. Chvn 3880; Yang Shan Ilsien, T. M. T.hiil 741; Loh ehang Ilsien, Chong Uen Shan, 
W. T. Tsang 20713, 20674. 

Formosa: No precise locality, /. L. Gressitl 146; Kuaiiania, 0. Warburg 10479; 
Arisan, prov. Kagi, F7. H. Wilson 9732, 10799; Ilorivsha, jjrov. Nanto, FJ. IT. Wilson 10097 ; 
Taiheisan, prov. Giran, E. H. WiLson 10173, S. Fianici s.n., K. Jhio 10674; Pankingin, 
A. Henry 33; Hassensan, jft. Kanehira 21190; Saukyo, K. Oda-shima 17830. 

INDIA: Eastern Himalaya, K. Biswas s.n. 

BURMA: Above Zuklang, F. K. Ward 427; Adung Valley, K. F. Ward 0297. 

- This widely distributed species can be distinguished from 8. chincnsis 
Franch., another species of very wide distribution, by its longer but nar¬ 
rower, oblong or oblong-lanceolate leaves with fine and close serrations, and 
by the smaller flowers with the style scarcely exceeding the petals. Its in¬ 
florescence is also generally much longer. This writer has hot been able to 
distinguish the Formosan 8. 8ugeyosii Masamune by its descriptions from 
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S. himalawus especially from the Formosan plants of tlie latter species, and 
thus treats the former as a synonym of the latter. 

6. Stactiyurls LANciFOLiTTs Koidz. Hot. Maj?. Tokyo 32: 135. 1918. 
St(frhyurus pravvox sensn Ito & Matsum. Tent. FI. Liitch. 1: 60. 1899, non 
Sieh & Ziicc. Figure 7. 

A shrub, 1.5-“2.5 m. tall, the branchlets dark chestnut-brown, ji^labrous; 
leaves chartaceous, j^labrous, lanceolate to ovate-lan(*eolate, rarely ovate- 
oblonjr, 12-19 cm. lon^', 3.5-7.5 cm. wide, the apex lon^^-caudate-acuminate, 
the base rounded to subcordate, the mar^rins finely serrulate, the teeth 
slightly incurved, obtuse, the lateral veins about 8 on each side, ascendin<>:, 
subconspicuous above, elevated ami prominent beneath, the tertiary veins 
reticulate, incons])icuous above, subconspicuous beneath; petioles 8-5 cm. 
loiiji’; inflorescences 5-10 cju. loji^*, sessile, pendulous, the flowers pale yellow, 
^essile, the bracts trianj’-ular-ovate, about 2 mm. lon^*, acuminate, the brac- 
teoles ovate, about 3 mm. long*, obtuse; sej)als ovate, about 4 mm. lonjr; petals 
obovate to suborbicMilar, about 6-7 mm. long, 5-6 mm. wid(\ the a])ex 
rounded; filaments 3.5-4.5 mm. long; ovary and style about 3 mm. long, the 
stigmas capitate, distinct; fruit ellipsoidal, 9-12 mm. long, short-pedicellate. 

,Tai*an : KmisIiu, K. If, U''ihsoH .s.//., li collections; l/iiikiii Tslniids, Yolohama JSiDsoji 

Co., 

This species is close to Sfarinfurus hinialaicus Hook. f. & Thomson in the 
oblong- or ovate-lanceolate finely serrulate leaves with rounded to subcordate 
bases, but differs in the longer petioles, slightly larger and more obtuse ser¬ 
rations, longer inflor(*s(*ences with larg(*r and more densely arranged flowers, 
and the larger fruits. The type is described from Kyushu, Japan, but no 
specimen is cited in the original description. 

7. STAniYrurs Matsvzakii Nakai, Hot. Mag. Tokyo 34; 146. 1920. Fig¬ 
ure 8. 

A shrub about 5 m. tall, the braiuJilets stout, ('liestnut-brown dotted with 
white lentit'cls; leaves chartac-eous, glabrous, gi'eeni.sh above, pale beneath, 
elliptic, 10-14 cm. long, 5-6.5 cm. wide, the apex long-acuminate, the base 
acute to rounded, the margins coarsely and in-ominently serrulate, the teeth 
large, obtuse, j^lightly iiuMirved, with callose a])ices, the lateral nei-ves 5 or 6 
on each side, ascending, subconsi)icuous above, elevated and ])rouiinent be¬ 
neath, the t(‘rtiary veins reticulate, inconspicuous above, slightly conspicuous 
beneath; ])etioles 2.5-5 cm. long; inflorescences 4-12 cm. long, sessile, pen¬ 
dulous, the flowers sessile, light yellow, the bracts broadly triangular-ovate, 
about 2.5 cm. long, acuminate, the bracteoles ovate, about 3 mm. long, acute 
to obtuse; sepals ovate, about 3 mm. long, acute; judals 5-7 mm. long; fruits 
obovate-oblong, 13-15 mm. long, with short persistent styles. 

Japan*. Hondo, ShiniM, Socmjima 

This species is characterized by its rather robust branches, long-i)etiolate 
and large leaves, which are coarsely serrulate, and the rather stout inflores¬ 
cences. Two type collections are cited by Nakai, both from prov. Idzu, Hondo, 
the first from Ilachijo Isnad, T. Nakai cO N. Mat.suzakii s.n., and another 
from Oshima JHhn\d,*Sah}iro Okubo s.n. 
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8* Sta(’HYURTts mackocarpus Koidz. Bot. Ma^. Tokyo 32: 134,1918. Fig¬ 
ure 9. 

A shrub, the brauehlets dark chestnut-bro's\’ii to blaekisl), glabrous; leaves 
(‘hartacieous, glabrous and greenish above, pale beneath and slightly pubes¬ 
cent along the midrib and lateral nerves, soon glabrous, oblong to oblong* 
lanceolate, rarely ovate-elliptic to ovate-oblong, 7-14 cm. long, 3-5.5 cm. 
wide, the apex acuminate, the base rounded to obtuse, the margins obtusely 
and rather broadly serrulate, the teeth slightly incurved, with callose 
apices, the lateral nerves about 6 on each side, ascending, subeonspicuous 
above, elevated and distinct beneath, the tertiary veins reticulate, incon¬ 
spicuous above, subeonspicuous beneath; petioles 2-5 cm. long; inflorescences 
3.5-4 cm. long, subsessiJe, the flowers subsessile, rather densely arranged, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the bracteoles 
ovate, obtuse, about 2.5 mm. long; sepals ovate, about 3 mm. long; petals 
obovate, obtuse, about 5 mm. long and 3 mm. wide; filaments about 4 mm. 
long; ovary and style about 4 mm. long, the stigmas cajiitate, distinct; fruit 
oblong, 18-20 mm. long, 12-16 mm. wide, subsessile. 

Bonlv isl\ni)S: No preciHO locality, Jfidrnuisa Otorno .s*. 7J., 2 collections. 

This spe(*ies is characterized by its oblong to oblong-lanceolate and acumi¬ 
nate leaves wuth remote and obtuse serrations, rather short inflorescences 
about 3.5-4 cm. long, and large fruits up to 2 (*m. long. The type specimen 
is aV. NIshhnura Wr) from (liichisliima Island, Bonin. 

8a. Stachyukus mackocakpi’s Koidz. var. prunipoltus Tuyama, Bol. 
Mag. Tokyo 53: 7, (as purnifoUns), 1939. 

Differs from the species in the tliinner leaves with smaller, closer, acute 
serrations, and more nuuK'rous lateral nerves, about 9-11 on each side. 

Recorded by T. Tuyama from Bonin Islands (ty])e spe(*iineii: Ilahazima 
Island, T. Tuyama s.n.) ; no sjiecimen seen by this writer. 

9. Stacuiyurus prae('Ox Sieb. & Zucc. FI. Japon. 43: />/. 18. 1835; Abh. 
Math.-Phys. (3. Bayer. Akad. AViss. 4 (2) : 152. 1845; Francli. & Sav. Enum. 
FI. Ja]). i: 59. 1875; (^arriere. Rev. Hort. 1869: 200. /. 1869; Ronhard, 

Rev. Ilort. 1908: 86. /. 2S, 29. 1908; Hook. Bot. Mag. 108 : ^p/. (>621. 1882; 
K, Ito, Fig. & Descr. PI. Koishik. Bot. (lard. 2: pi. 22. 1883; Lauche, Deutche 
Dendrol. ed. 2: 413. /. J02. 1883; Nicholson, 111. Diet. (lard. 3: 483. /. 518. 
1887; Bull. Vn\]. Agric. Tokyo 2: pi. 7, /. 21. 1895; (iard. Chron. 111. 21: /. 
.07. 1897; Shirasawa, Ic. Ess. Forest Jap. 1: pi. 71. 1900; Schneider, Dendrol. 
Winterst. 86. f. 1903; 111. Hand. Laubh. 2: 363. f. 2ila-^h, 215. 1909; Dalli- 
more, (lard. (3iron. Ill, 43: 196. /. SH. 1908, 49: 213. 1911; Miyoshi, 1^1. 
AVorld. Jap. 128: /. 1917; Osborn, (larden 75: 204. /. 1911; Gard. Ghron. HI. 
79: 229.1926; Bean, Trees & Shrubs 2: 545. /. 1914; llehder in Bailey, Stand. 
Cycl. Ilort. 6: 3221. /. 3671. 1917; Man. (hdt. Trees & Shrubs 640. 1927; ed. 
2, 654. 1940. Staehyii7if.s japonkus Steud. Nom. ed. 2, 2: 630. 1841, sphalm. 
Figure 10. 

A slirub, 1-4 m. tall, the branches sj[)reading, the branchlets reddish brown 
or chestnut-brown, lustrous, glabrous; leaves chartaceous, greenish, lustrous 
and glabrous above, pale and slightly pubescent along the midrib and lateral 
nerves beneath, soon glabrous, elliptic-ovate to ovate-lanceolate, 7-15 cm. 
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lonp’, 3.5-6.5 eiii. wide, the apex loiij^-acuminate, the base rounded to sub- 
eordate, the marfrins serrulate, the teeth slijrhtly spreadinjj:, the lateral nerves 
about 5 or 6 on eaeh side, aseendin*?, more or less elevated and prominent 
on both surfaces; ])etioles 2-5 cm. lon^; inflorescences 5-9 cm. lonj^, sessile to 
subsessile, erect or pendulous, the flowers yellow, sessile, the bracts broadly 
ovate, acute, about 2 mm. lojij**, the bracteoles broadly ovate, obtuse, about 
2 mm. lon^*; sepals broadly ovate, acute, about 13 mm. long’; petals obovate, 
6-7 mm. long, 4-5 mm. wide; filaments 4-5 mm. long; ovary and style 4-5 
mm. long, included, the stigmas capitate, distinct; fruit globose, about 8 mm. 
long, with or without persistent styles, short-pedicellate, the pedicels 1.5-2 
mm. long, articulate at the middle. 

JAP\X: Xo ])re(*isc locality, Fanrir IT. Knvribvrp ‘^SiOa; Hokkaido, prov. 

Osliima, K. Mitjahe 1". Tolcubuchi .s*.w.; Hokkaido, (\ S. Sargnii m.yu; Hokkaido, Kak- 
kiimi Hot S])riiig, C. S. Sar(fcni s.n.; Atami to Odawara, C. S. Sarffcnt s.7i.; Miyanosliita, 
C. S. Sarf/nU .s.n.; Hondo, Sliinaiio prov., F. II. Witson s.n.; Hondo, Safaini prov., F. JI. 
IVilxon s.n.; Hondo, Mino prov., I(. Shwta 9683; Kyushu, Nagasaki, F. If. 

ll'ilson s.n.; Kyushu, Mt. Kirishiina, F. II. \V\h*<on s.n.; Nokogiriyama, ]>rov. Awa, K. 
Muiahv s.n.; Chikugo, 11. Matfr s.n.; Nikko, N. Mocluznki s.n.; Mt. Anigi, CoU. Imp. 
Vniv. s.n.; lyo, K. Sakurai .s.a.; between Shojiko and Kofu, P. II. Dorseit d’- ir. J. iUor.s*£? 
36i. Kobe, Kokkosan, K. Vno 13636; Tkerigaseki, Aoinonkcn, K. Vno 3397. 

A s])ecics of common and wide occurrence in Japan, now fretpiently 
cultivated for its flowtu’s. Siebold and Zuccarini, in their original description 
of tlie genus and tli(‘ species, mention that tlie plant is common in Japan, but 
cite no specimen. 

10. STAcnYrRi's (iiiNKxsis Franch. Jour, de Bot. 12: 254. 1898; Diels, 
Dot. Jalirb. 92: 475. 1900; Leconite, FI. (ien. Indo-tdiine 1: 353. /. HH, 171—18. 
1910; Kelider in Sarg. PI. AVils. 1: 287. 1912; in Bailey, Stand. Cycl. Hort. 
6: :3221. 1917; Jour. Arnold Arl). 8 : 178. 1927; Man. (Udt. Trees & Shrubs 
641. 1927; ed. 2, 654. 1940; Bean, (lard. Chron. 111. 58: 147. f. 47. 1915; 
(iarden 79: 182 f. 1915; Bowles, (Jardeii 82: 161. /. 1918; (Jiuiig, Mem. Sci. 
Soc. CJjiiia 1: 176. 1924; Osborn, (lard. (Iiron. HI. 79: 229. f. 11.3. 1926; 
Kirk, Brit. Oard. Flora 129. /. 15. 1927; M(*rr. Lingnaji Sci. Jour. 7: 316. 
1931; Hand,-]Maz. Symb. Sin. 7: 383. 1931; Oanteau, Kcv. Hort. 1932: 95. 
/. 33. 1932. Slachifuvus praevos sensu Diels, Bot. Jahrb. 29: 475. 1900, non 
Sieb. & Zucc. SiifcJnfunf.s Ducloujrn J^itard ex Ohung, Mem. Sci. Soc. China 
1: 176. 1924, nomem nudum, syn. nov. Figure 11. 

A slirub, .3-5 m. tall, the branchlets dull brownish, with scattered whitish 
lenticels, glabrous; leaves chartaccous to membranaceous, greenish and 
glabrous above, pale and glabrous and slightly pubescent along the midrib 
and lateral nerves beneath, soon glabrous, ovate to ovate-oblong, 6-12 cm. 
long, 2.5-7.5 cm. wifle, tlie apex more or less abruptly long-acuminate, the 
base roundiHl to subcordate, the margins crenate-serrulate, the lateral nerves 
5 or 6 on each side, elevated and (*onspicuous on both surfaces, the tertiary 
veins reticulate, subconspicuous to conspicuous on both surfaces; i)etiole.s 
1-2 cm. long; inflorescences 6-13 cm. long, sessile, the flowers yellow, sub- 
sessile or short-pedicellate, the bracts triangular-ovate, acuminate, about 
2.5 mm. long, the bracteoles ovate, acute, about 3 mm, long; sejials ovate, 
obtus(‘, about 3.5 mim long; ovary and style 6-7 mm. long, exerting the 
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petals, the stig:mas capitate, distinct; fruit globose, about 6 mm. in diameter, 
with or without persistent styles, short-pedicellate, the pedicels about 1.5 
mm. long. 

China: hcnan: Hsinhwa, Ilsikwanshan, JI, Handel-Mazzetli 58^^117dS; Yi-chang 
Hsien, Ping Ton Shan, TT. T, Tsang ^3528, hupeh: no precise locality, A, Ecnry s*n,; 
Ichang, E. H, Wilson 89, 123; Chang-yang Hsien, E, H. Wilson 192; Hsing-shan Hsien, 

E. IL. Wilson 2556; Gian Gia-kou, W. Y. Chun 3585; Tan Shu Ya, W. Y, Chun 4408; 
Sin Jeh-su, W. F. Chun 4415; Patung Hsien, K, 0. Chow 63, szechuan : No ]>reci8e 
locality, A, Henry 5744; Ohung-hsien, W, P. Fang 506; Nanchuan Hsien, C. Bock A, 
Bosihorn 2000, W. P. Fang 1064; Kuan Hsien, W. P, Fang 2211, S. S. Chicn 5117, F, T, 
Wang 20496, 20583; Lishiii Hsien, W, P. Fang 20; Opion Hsien, W, P, Fang 7238, Y, S. 
Liu 1999; Mt. Omei, W, P, Fang 2392, 2466, 2589, 3042, 3207, F, T, Wang 23219a, Y. S, 
Liu 1207, T. T. Yu 386, 448, S. S. ChUn 5543; Hung-ya Hsien, W, P, Fang 7977, 8117, 
8518, 8636; Ma-pien Hsien, W. P. Fang 4607; Chenk-kou Hsien, IT. P, Fang, 10049; 
Han-yuan, W, C, Cheng 649, 669; Mao Hsien, F, T, Wang 21943; Kwang-yim Hsien, 

F. T, Wang 22638; Phig-shan Hsien, F, T, Wang 22703; Ma-pien Hsien, F, T. Wang 
22857; Lololand, between Alami and Ssuqueh, C. Schneider 927; between Oti and Quen¬ 
tin, C. Schneider 1389. sikano: Dzer-nar, Tsa-wa-rung, (\ W. Wang 66318, 66356, 
66389, 66392; Kanting, near Wu Ya Ling, C. Y, Chiao 1741, yunnan: No ])recise local¬ 
ity, G, Forrest 10143, 10245, H, T, Tsai 57320, T, T, Til 10259; LongUi and ^\‘hall-fong- 
shan, E. P. Delavay s,n. (holotype, photo, and merotype in AA) ; Suen-oui, E. E. Mairc 
79; Cai-pou, E. E, Maire 146 ; Likiang, C, Schneider 2930, 3498, J, F. Bock 4059, 8059,8541; 
Chao-tung Hsien, E. T, Tsai 50899; Cheng-hsiung Hsien, E, T, Tsai 523o5; Ping-picn 
Hsien, E, T, Tsai 62297, 62613; Shang-pa Hsien, E. T, Tsai 51805, 59103, 56542; 
Clii-tze-lo, E, T. Tsai 54189, 58558; Wei-si Hsien, C, W. Wang 63031, 63589, 63694, 
64055, 68084; Champutong, C. W, Wang 66682; Atungtze, ^It. Kaker]ui, T. T. Yu 
10322; Shunning, HiJa, T, T, Yil 16474; southern Chimgtien, Anangu, K, M. Feng 1011, 
KWEICHOW: Tsungyi Hsien, Steward, Chiao, # Cheo 32; Kweiyaiig, S, W. Teng 90041, 
KWANGSi: Northern Luchen, Chiifeng-shan, B. C, Ching 5782; northern Hin Y<*n, Veo 
Mar Shan, B, C, Ching 7154; Chuen Yuen, Z, S, Chung 82022. kwanutttng: Lohehang 
Hsien, Y. Tsmng 1373, 1399; Yu-yuen, S. P, Ko 9192, 52562. fukikn: No ])reeise local¬ 
ity, Eongk. Eerh, 2403; Pu-cheng, B. C, Ching 2503. (Also recorded from Sliensi, 
Anhwei, Chekiang, and Kiangsi (Rehder l.c., Merrill, l.c.). 

INDO-CHINA; Tonkin, Chapa, A. Petelot 5690. 

This species of veiy wide distribution is close to the common Japanese 
species iS. prdecox Sieb. & Zucc., but may be distinguished by the broader 
and more abruptly acuminate, leaves, the relatively longer ])etioles, flie 
shorter pedicels in the fruit, and the smaller fruit. The leaves ot* praccox 
are more oblong and longer acuminate. 

A photograph taken by Professor Rehder from the type siieciineii of 
Stachyurus DvcloxH C. J. Pitard in the Paris Museum (Yunnan : Hay tieii, 
Fr. Dvcloux 2367, March, 1904), which apparently has never been published, 
together with fraginents.of leaves and inflorescences, are found in the her¬ 
barium of the Arnold Arboretum. The name is listed in Chung’s (/atalogue 
of Trees and Shrubs of China (l.c.), probably being based on tliis particular 
photograph. The specimen is a flowering plant with juvenile leaves. It api>Hr- 
ently represents /Sf. cliineium Pranch. 

Stachyuriis chinensis is quite variable in the size, shape, and serration of 
the leaves. These variations, however, although manifest in some cases, are 
gradual and inconstant. The species as a whole is generally easily recogniz¬ 
able and distinguishable from other species. The following varieties are rec¬ 
ognized. 
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10a. Staciiyijrus c’HINENsis Fraiich. var. latus Li, var. nov. Figure 12. 

A typo speeiei differt foliis i)lenimqne latioribus, tenuiorbius, 6-7.5 cm. 
longis, 5-6.5 cm. latis, suborbiciilaribus vel ovatis, basi distincte cordatis, 
margiiie erasse serrulatis, apice abrupte acuminatis, acumine 5-8 mm. longo. 

China: aniiwei: Chiuliwuslian, S, C. Sun, 1216. honan: Sunghsieii, San Kuan 
Miao, .7. Hers 130f) (type), Sept., 1919. hupeh: Feng ITsieii, E. H. Wilson 292; Wan 
Tsao Shan, W, F. Chun 3901, 3956; llsin Tien Tsze, W. Chun 4039, 4011; Iliian Tsao, 
W. F. Chu7i i13S. SZE(’HUAN: Nanehuan Tfsien, C. F. Uwatuf 99, W. P. Fang 830, 920, 
1024, 1402, 5528; Cheng-kou Hsieii, W, P. Fang 10309. 


This variety is found in the provinees along the Yangtze Valley and 
nortli of it. The typical form of the species is found mainly in the southern 
provinces. The Honan and Anhwei specimens of this variety are clearly dif¬ 
ferent from the typical form, while plants from western Hupeh and Sze¬ 
chuan, where the typical form is also located, are in some instances without 
very sharj) distinction. The typical form, occurring in the south, is neaivu’ 
to himalaicns Hook. f. & Thomson both geograjihically and structurally 
in the shape and serrations of the leaves than this variety. 

It could be mentioned in this connection that specialization in the shajie 
and serrations of the leaves in the genus is clearly traceabh\ as illustrated 
by the figures, from S. Jiimalaicus, with oblong-ovate, acuminate, finely ser¬ 
rulate leaves, to chionisus, then to S. chhivnsi.^i var. latus and S. rhiuensis 
var. cusputatus, finally to H. refusus, with orbicular, emarginate, (*ordate 
leaves with much coarser serrations. 

10b. STACHYT^Rrs (uiiNENSis var. cuspidatus Li, var. nov. Figure 13. 

A tyi)o speeiei differt foliis suborbiciilaribus, 6.5-7.5 cm. longis, 5.5-6.5 
cm. lati.s, basi rotundatis vel cordatis, apice latis, cuspidato-eniarginatis, 
acumine lineari, 1-1.5 cm. longo, 0.3-0.5 cm. lato, interdum nullo. 

China: szechuan : West of Wfii-ehunii Tlsioii, W. P. Fong 20945 (type'), Mnv 21, 
1931. 


11. STAiuiYrRT S HETi srs Yang, Contr. lUol. Lab. Sci. C3iina 12: 105. 
pt. 6 . 1930. Figure 14. 

A shrub, about 3 m. tall, the branchlets dark olivaceous, covered sparsely 
with white lenticels; leaves chartaceou.s, green, lusti-ous, and glabrous above, 
])ale, white, tomento.se to glabrous beneath, orbicular-oblong, 4.5-8 cm. long, 
4-8 cm. wid(\ the apex refuse, rarely truncate or bilobed, the ba.se cordate, 
the margins .seriuilate, the teeth obtuse, slightly incurved, the lateral nerves 
5 oi* 6 on each side, as(*ending, elevated and prominent on both surfaces, the 
tertiai'y veins ndiculate, cons|)icuous on both surfaces; petioles 1.5-2.3 cm. 
long; inflore.scences (immature) to 4 cm. long, ])endulous, subses.sile, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the bracteolt's 
2, the flower buds sessile, the style vei\v short, the stigmas globose, 4-lobed. 

China: szei’huvn: Mt. Omci, F. T. Wang 2314S. 

This species is characterized by its suborbicular leaves, which are emargi¬ 
nate or bilobed at the a]>ex and cordate at the base. Yang, basing on C. T7. 
Yao 3365 from Mt. Omei, Szechuan, describes the lower surface of the leaves 
as being densely covered Avith white hairs, which are not observed in the 
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above cited specimen, but which may be present on younger specimens and 
falling off in age as in some other species of the genus. The specimen cited, 
collected from the type locality, bears also immature racemes like the type 
and therefore no additional data could be added. The leaves are more or less 
chartaceous, in size and serration closely resembling those of 8. chinensis; 
the general shape resembles especially that of var. latus. Apparently the leaf 
represents further specialization resulting in the disappearance of the 
acumen of var. cuspidaUtfi. Occasionally an emarginate leaf like that of this 
species can also be found on a few specimens of 8, chine mis. More material, 
particularly mature flowering and fruiting specimens, is needed for study 
in order to decide whether it is best to treat this as a variety of 8, chinensis 
or to retain it as specifically distinct from the latter. 

12. Stachyurus ovALiPOLiT^s Nakai, Jour. Jap. Bot. 15; 534. 1939. 

A shrub, 3-6 m. tall, the branches pale brownish to red-brownish; leaves 
ovate to broadly ovate to cordate-ovate, green and glabrous above, pale and 
spars(Jy pilose along the nerves or glabrous beneath, 7-12 cm. long, 5-7 cm. 
wide, the apex cuspidate, the base rounded or cordate to trun(*ate, the mar¬ 
gins coarsely mucronate-serrulate; petioles 1-5 cm. long; inflorescences 
racemose, dioecious, the male 7-12 cm. long, the female 3-7 cm. long, gla¬ 
brous, the bracts deciduous; sepals and })etals 4, distinctly imbricate; 
stamens 8, in 2 series, in male flowers 6-7 mm. long, in female flowers 3 mm. 
long, the anthers ovate-rounded; ovary ovate, the base pilose, the style 2-2.5 
mm. long, the stigmas capitate; fruits about 15 mm. long, oblong to oblong- 
pyriform, with persistent style. 

This species is described by Nakai from Hondo, Ja])an, and based on 
seven collections (Frov. Sagami, Enosima, T. Nakai s.n., 2 coll., Yasa-iti 
Momiyama s,n., 2 coll., Hayakawa, Kiyotaka Ilisanii s.n,; Frov. Tzu, Osima, 
T. Nakai .s\w.; between Yawatano and Naramoto, T. Nakai n.n.). No specimen 
has been seen by the writer. Nakai mentions: ^‘aflinis 8, praevox et 8. Maisa- 
zakii, sed a priori foliis saspe cordato-ovatis gi-ossius serratis, floi'ibus viri- 
dulis vel viridi-flavascentibus majoribus, fructibus obloiigis vel ])yriformi- 
bus; et a posteriori caule fruticoso, foliis brevibus cordato-ovatis distinctns 
est.” Again at the end of the description be notes that “this is a coastal 
plant, easily distinguishable from 8. pra-ecox by its more vigorous growth, 
more reddish branclilets, larger shining leaves, longer spikes, and larger 
paler flowers.’^ From Nakai’s original description, the species api)ears to be 
particularly close to 8. Matsnzakii Nakai. As no specimen is available for 
study, this species is not incorporated in the key. 

Arnold Arboretum, Harvard Unive!?8ITy 
Jamaica Plain, Massachusetts 
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THE SEPARATION OF ERIGERON FROM CONYZA 

Arthur Ckonquist 

The preparation of a revision of the North American species of ErUjeron, 
in which 1 am currently en^a<!:e(l, necessitates a careful delimitation of the 
^•enus. As is well known, it i)asses on the one hand into Asicr and on the 
other into Conifza. In (listiu^uishiiijr it from Asler, I have found necessary 
only minor chanjres, involvinji: individual si)ecies. Its present sei)aratioii 
from CanipM is much less satisfactory, however, and merits detailed con¬ 
sideration. 

The ‘i’enus CoHifia, as now commonly treated, differs from Eri(/eron in 
havin<r no lijiules at all on the numerous multiseriate pistillate flowers. This 
desi)ite the facd that Bentham and HookeH admit that Vonijza may some¬ 
times liave narrow lijjuiles shorter than the styles, and indicate that (\ 
(fhsiHlhia( folia I)(\ sometimes has short li^ules and sometimes lacks them. 
Bentham,- in a classic [)aper on Coniposifac, says: ^‘To distinjjruisli, liowever, 
(^onjfza and Eri<j(I'ctn From Aster, we liave but little besides the increase in 
number and rediudion in size of the female florets, which in Erif/eron, 
although they liave still the (‘orollas i)roduced into a li«ula, have that lij^ula 
always veiw narrtiw, and often short; whilst in Coaifza these eorollas are still 
further reduced to a filiform tube, shorter than the style, toothed or truncate 
at the toi), the li^ula remaining* undeveloped.’’ A few pajies farther on lie 
says of the female florets of ('‘oinjza, “i-arely ])roducin»’ a small scarcely 
spreading li^iila.” 

The«»enus Ei’tfp r(jn usually has numerous ccuitral hermaphroditic flowers, 
and from IVnn to numerous ])istillate flowers with Mcll-developed li^ules. In 
some species the li»»ules are short or (*ven absent, but the heads seem other- 
wist* unaltert’d./riie tubular ])istillate corollas merely lack li<»ules. Several 
ordinarily li^ulate s])ecies havt* elijrulate forms of this type. 

In the section Triiaorphava (included in Euvn<j( nni by Bentham), the 
most comnum species of which is K. arris L., the corollas of the outer i>istil- 
late flowers are very slender and bear short filiform li^ules which sometimes 
do not exceed the i)appus. Usually there is an inner seri(*s of pistillate flowers 
with no li^ules at all. Here we have an obvious a])proacb toward the Vonifia 
ty])e, there bein«r needed to comjdete the transition merely the disappear¬ 
ance of the already filiform and short lif»Tdes, and some decrease in tlie 
number of central hermaphroditic flowers. Trimorphara is inextricably 
bound to Eriprrou, however, by the obvious evolutionary line of E, simplex 
Crreene, E. nnijioras L. {seas. lat.)^ and E, alpinus L., in which E. simplex 


1 Oen. Plant. 2(1 ): 283. 1873. 
-'.lour. Linn. Soc. 13; *^133-577. 1873. 
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is true Erigeron, E. alpirnts is Trimorphaea, and E. 'imiflonts is soiueAvliat 
interiuediate. 

The next step in the proj^ression toward Conyza is furnished by the sec¬ 
tion Coenofus, the most common species of which is E. canadntsis L. The 
ireiieric names Leptilon Raf. and Conyzella Rupr. have sometimes been used 
for this frroup by those who were unwilling to include it in Eri(jcron but not 
bold enough to transfer it to Conyza, Coe notvs differs from Trimorphaea 
in havinj>* the central hermaphroditic flowers usually fewer, the pistillate 
flowei's comparatively more numerous, and the lij^nles reduced so that to 
casual inspection the heads appear discoid. In the words of Asa Gray,’^ the 
narrow li^ule is ‘‘always shorter than its tube, often shorter than the style 
branches, or even obsolete.’^ Be it noted af»*ain that Beiitham and Hooker 
allowed the presence of li^nles shorter than the style branches in Conyza. 

The differences between Coenofus and Trimorphaea are not jrreat, but the 
species of the two grou])s do not seem intimately related. E, canadensis, the 
most nearly bridfrin^r species of the section, is scan^ely confiisable ^\ith any 
species of Trimorphaea. Although it is reported to prodiu‘e a sterile hybrid 
with E. acris,"^ no one familiar with the two si)ecies would consider them very 
closely related. 

Prom Coenofus to true (Uniyza, with no li^ules at all, is an easy step, as 
Gray^ further indicates by the statement, “with tlie aspect of Conyza, and 
passing** into that p:enus.^^ 

Superficially, it seems reasonable to include in Eriycron all the species 
which have any lijrule at all, and restrict Conyza to the entirely eli<»ulate 
species. This has been the fi’eneral practice, despite the fact that Bentham 
and Hooker admitted to Conyza some species with tiny lijiules. rnrortn- 
nately, the resultinjr generic se<>:re<»:ation is hi<rh]y artificial. Species which 
are obviously related to true Conyza species, and which have every extei'iial 
appearance of Conyza, are found to have tiny lif»:nles, and are thus ])laced in 
Erigeron. We have Erigeron microglossus Blake,*''' the describer of which 
said, “The species, although of Conyzoid appearance, is technically a true 
Erigeron in the presence of a definite althou{>:h minute lijxule.'' Tin* lij^ule 
is described as beiiifjr 0.3 mm. lon^r! We have Conyza mirna Blake,-’ of which 
Blake said, “The species is named from its ^reat resemblance to ErigePon 
suhspicatus Benth., a resemblance so close that except in technical (characters 
of the head the two species can scarcely be disting:uished.“ We have the 
paired species Erigeron gnaphalioides HBK. and Conyza gnaphalioides 
HBK., much confused in herbaria and distinfinished chiefly by the fact that 
the former has tiny Houles. Conyza Coulteri Gray is similarly confused with 
E. Schiedeanus Less., for which Gray himself at first mistook it. 

3 Syn. FI. N. Am. 1(2) : 220. 1884. 

4 Vicrhappcr, F. Monographic dcr Alpinen Erigeron —Art(‘n Furopas inid Vor- 
derasicns. Bcih. Hot. Ocntran)!. 19(2): 385-560. 1906. 

sCoiitr. Gray Herb. 11. 3(52): 16-59. 1917. 
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Des(‘ripti()iis of new tro])ical species, of Coiiyzoid aspect, but referred to 
Eriycron because they jiossess minute lif>:uJes, continue to appear intermit¬ 
tently in seientific journals. Long-accepted species of Coyiyza (e.g., Conyza 
noiohellidHistnim (Iriseb.) are transferred to Erigeron because the outer 
florets are found to ])ossess minute ligules. The Gray Herbarium Card Judex 
lists an even dozen South and C^entral American sjiecies of Conyza that have 
been transferred to Erigeron. No doubt a thorough inspection of the genus 
Avould reveal that other plants still reposing ])eacefully as species of Conyza 
possess more or less definite ligules. Furthermore, it seems not unlikely that 
field study of s])e(des now known chiefly from herbarium sheets would show 
some of tliem to be not entirely constant in the matter of ligules, placing 
them in company with C. absinthiaefolia. 

If our taxonomic system is to be merely a series of convenient pigeonholes 
whei’eby ])lants may be catalogued, we may well distinguish Erigeron from 
Conyza by the j)resence of a ligule, even if it be microscopic. We should then 
dismember the species whi(*h may or may not have ligules, placing the ligu- 
late individuals in one genus, and the eligulate individuals in the other. If, 
however, we ]io])e to arrive at a natural arrangenumt, we must seek farther 
for our distiiudion. 

In siirve\ing the numerous sjiecies winch link true Erigeron to true 
Conyza, we find that in only one place is there any suggestion of a real break. 
That is between Trunorphaea and Coenotns. Here at le^ast W’e are not reduced 
to seiiarating into different genera species which are almost indistinguisha¬ 
ble. I thei’efore i)ropose that the section (^oenotns be transferred in toto to 
(Utnyzaf and expanded to include all the s])ecies of the genus which ordi- 
jiarily possess ligules. 

Conyza and Erigeron are redefined as follows: 

(\)tiyza: Ctmtral liermaphrodite flowers feAV; pistillate flow’ers numerous, 
with filiform corollas; ligules, if ))resent, incousj)icuous, shorter than the 
lubes and scarcely if at all exceeding the pa])])us. 

Erigeron: Geiitral liermaphrodite flowers many, or sometimes rather few'; 
pistillate flowers few’ to numerous, sometimes with filiform corollas, but then 
the outer at least w ith definite ligules e<|ualling or surpassing the pajipus. 

Ev(‘n as redefined, the two genera are not sharjily distinct, as will be 
noted from the foregoing characterizations. In America, little or no trouble 
will be encountered in placing any particular species in the jiroper genys. 
In tlie old world it may sometimes be more difficult, for it is there that the 
section Triniorphaca reaches its greatest develojiment. I believe that the most 
satisfactory jirocedure, in any doubtful case, will be to refer the species in 
question to the genus to wiiich its nearest relatives belong. In some cases this 
may necessitate (considerable study, but the result will be a more nearly 
natural delimitation of the genera involved. Precisely the same type of situ¬ 
ation exists ill distinguishing Erigeron from Asier. It has already in some 
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cases been met in the fashion here proposed, by referring the species to the 
genus to which its nearest relatives belong. Erigeron percgrinns (Pursh) 
Greene, for example, is correctly treated by almost all modern American 
botanists as being an Erigeron rather than an Asiter, because it is closely 
related to undoubted species of Erigeron, although on the basis of technical 
characters it might better be placed in Aster. 

Some minor points which may have some bearing may be mentioned. The 
genus Congza is largely tropical, and according to Bentham (2), “ranges 
over the warmer regions of Asia, Africa, and America/’ Further, Bentham 
says, Eucrigeron . . . belongs to the northern hemisphere, and is chiefly 
mountainous. . . . Coenotns^ the section which passes into Conyza, is now 
pretty nearly (‘osmopolitan, and like Conyza, overruns tropical as well as 
temperate regions, the preponderance of local species being African as well 
as American. . . . The well known E. canadensis ... is almost intermedi¬ 
ate between Coenotus and E it erigeron."^ Thus we see that in distribution 
Coenotits is more nearly like true Conyza than like true Erigeron. The weedy 
habit of E. ca^iadensis is quite in keei^ing with that of some s])ecies of true 
Conyza. Furthermore, the s])ecies {E. canadensis) which is most nearly 
intermediate between Coeyioins and true Erigeron is certainly of (^onyzoid 
aspect, and does not seem closely related to any species of undoubted 
Erigeron. 

I shall publish formal transfers for only a few American sj)ecies. The 
rest I leave to others who may be more conversant than I with the individual 
species concerned. 

Conyza araneosa (Urb.) Cronquist, comb. uov. E. anineosns Vrh. Svmb. 
Antill. 3: 404. 1902. 

Conyza bonariensis (L.) Cronquist, comb. nov. E. honariensis L. Sp. PI. 2: 
863. 1753. 

Conyza canadensis (L.) Cronquist, comb. nov. E. canadensis L. Sp. PI. 2: 
863. 1753. 

Conyza confusa Cronquist, nom. nov. E. gnaphalioides HBK. Nov. Gen. 4: 

88. pi. 331. 1820. Not Conyza griaphalioides HBK. 

Conyza eriophylla (Gray) Cronquist, comb. nov. K. eriophyUus Grav, PI. 
Wright. 2: 77. 1853. 

Conyza microglossa (Blake) Cronquist, comb. nov. E. niicroglossns Blake 
Contr. Gray Herb. 11. 3(52): 31. 1917. 

Conyza parva Cronquist, nom. nov, E. pusillus Nutt. Gen. 2: 148. 1818. Not 
Conyza pus ilia HBK. 

Conyza ramosissima Cronquist, nom. nov. E. divaricatns Michx. PMor. Bor.- 
Am. 2: 123. 1803. Not Conyza divarienta Spreiig. 

Conyza Schiedeana (Less.) Croiupiist, comb. nov. E. Schiedeanus Less. 
Linn. 6: 145. 1830. 

Conyza subspathulata Cronquist, nom. nov. E. spathulatus Vahl. in West, 
Bidrag Ste. Croix. 303. 1793. Not Conyza simthnlata Hornem. 
Department of Botany, University op Minnesota 
Minneapolis, Minnesota 
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SUPPLEMENTARY NOTES ON THE AMERICAN SPECIES OF 

ERYTHRINA—II 

B. A. Krukoff 

Through the courtesy of the curators of the botanica] institutions men¬ 
tioned below 1 was privilejred recently to study their collections of Erythrina. 
Many of these collections are not represented by duplicates in American 
and European herbaria. Extensive collections of Erythrina by Drs. Paul C. 
Standley and Julian A. Steyerrnark recently made in connection with their 
work on the flora of Guatemala also became available to me. 

Dr. Karl Folkers, Mr. J. Shavel, Jr., and Mr. F..Koniuszy of the Merck 
Research Laboratory have continued their studies of the alkaloids derived 
from seeds of various s])e(‘ies of Erythrina (1, 2, 3) whereas Dr. E. S. Hari'ar 
of Duke University has recently undertaken a study of the wood anatomy 
of spe(»ies of this <»enus. In connection w'ith these studies a number of speci¬ 
mens have becji received for identification. 

The (‘ollections exarnijied extend our knowledj»*e of certain s])ecies pre¬ 
viously known from incom])iede material, and (‘Xtiuisions of ranges are noted 
for a number of specues. No (*hau«»es in the nomen(*]ature are necessitated. 

The sj)ecies are arran<>‘ed in the same order, and the ])lace of deposit of 
specimens is shown by the same abbreviations as used in my previous papers 
on Erythrina (4, 5). The foIl()win<»: new abbreviations are used : 

Geor: Georj^etown Botanic Garden, British Guiana. 

Trill: Trinidad Botanical Garden, Port of Spain. 

CR: Museo Nacional de Costa Rica, San Jose. 

Cuz: Univei'sidad del (hizco, Peru. 

L Erythrina (jlauca Willd. 

Trinidad: cultivated: Bot. Gard. Trin. 8d5d (Trin). Costa Rica: Punta- 
renas: Brniis dSaT) (CR). Panama: Canal Zone: Whitr d* White 6:2 (M). 
Panama: Alien 1628 (GH, M). Colombia: Valle del Cauca: Ramos Nnnez 
s/n. (Kr. Herb. 16191). Huila: Plata Garcia 16 (Col). Venezueia ; Cara- 
bobo:Z. Williams 12636 (F). A])ure: L. Williams 12961 (F, NY). Federal 
District: Tamayo 1281 (F, NY); Brother Elias 138 (A). Bolivar: L. Wil¬ 
liams 12660 (F, NY,A). EruADOR: Guayas: Mille s.n. (Kr. Herb. 16360). 
Peru: Loreto: Fernandez s.n. (Kr. Herb. 16256). British Guiana : Deme- 
rara ijenman 3916 (Geor). 

Local names: Porotillo (Ecuador) ; Pisamo (Colombia). 

The Brenes^ specimen is the first record of the species from the ])rovince 
of Puntarenas, the Williams^ specimen—from the State of Ayiure. The col¬ 
lector states on the label (Tamayo 1284) : “Las flores son comidas por los 
pajaros llamados ‘arreiidajos\ Habiendo leido no se si en la relacibn del 

688 
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goberriador Pimentel (15.. ) que los Indies del valle de Caracas coniian la 
flor del bucare.’^ 

2. ErYTHRINA CRlSTA-CtALLI L. 

Trinidad: cultivated: Bot. Oard. Trin. 12729 (Trin). Costa Rtca: San 
Jose: cultivated: J. Valerio 1398 (CR). Argentina: Sayitini s.n. (Kr, Herb, 
1:'‘^2H3). Tiicumaii: Meyer s.n, {Kr. Ilerh. lo09S). 

3. Erythrina falcata Benth. 

Peru: Cuzco: C. Vargas C. 2943 (Cuz). Brazil: Minas Geraes: Mello 
Barreto 1999 (P). Argb:ntina,: Buenos Aires: cultivated: Thays s.n. {Kr. 
Herb. 15396). Salta: Meyer 35390. 

4. Erythrina Poei»pioiana (Walp.) 0. P. Cook. 

Trinidad: cultivated: Bot. Oard. Trin. 1332 (Trin), 7574 (Trin), 11.947 
(Trin), 13325 (Trin). Nicaragua: Managua: cultivated: Gamier s.n. Costa 
Kica: Cartago: cultivated: Jorge Leon 769 (CR). Colombia: Valle del 
Cauca: Ramos Nunez s.n. {Kr. Herb. 15192). Boyaca: Cuairecasas 9676 
(US). Putumayo: Cuairecasas 11372 (US). Venb:zuela: Carabobo: L. Wil¬ 
liams 12332 (in part, I^). Federal District: Tamayo 1285 (P), 1309 (NY, 
US). 

Tlie Cuatrecasas^ specimens are the first record of the s})ecies from 
Boyaca and Putumayo. 

6. Erythrina Dominguezii Ha.ssler. 

Argentina: Jujuy: Fawcett s.n. {Kr. Herb. 15394). Chaco: A. Schulz 
s.n. {Kr. Herb. 15126), s.7i. {Kr. Herb. 1.5378). 

The Fawcett specimen is the first record of the species from the province 
of Jujuy. 

7. Erythrina vb:rna Veil. 

Brazil: Maranhao: Froes 11.909. Bahia: Frors 12661. 

This is the first record of the species from the States of Maranhao and 
Bahia. 

9. Erythrina speciosa Andr, 

Brazil : Rio de Janeiro: Tatto 23 (US). 

12. Erythrina edulis Triana. 

Colombia: Antioqiiia: Robledo s.n. {Kr. Herb. 15158). Caldas: Ramos 
Nunez s.n. {Kr. Herb. “ 15190). Peru: Cajamarca: Stork & Horton 10150 
(P). Huanuco: Stork & Horton 9851 (P). Apurimac: Stork cO Horton 10705 
(F). 

Local names: Poroton (Ecuador); Rajurro (Peru). 

* This is the first record of the species from the Department of Cajamarca. 

13. Erythrina brevib"lora DC. 

Mexico: Michoaean: Martinez s.n. {Kr. Herb. 15346 ); Leavenworth 1914 
(M). Morelos: Martinez s.7i. {Kr. Herb. 15379). 



1943] 


KRUKOPF: ERYTHRINA 


635 


14. Erythrina lej’toriiiza DC. 

Mexico : Mexicio .* Hinton 15 i () 2 . 

16. Erythrina Montana Rose & Standi. 

Mexico: Sinaloa: Gentry 6259 (GH, NY). 

This is the first record of the species from the State of Sinaloa. 

18. Erythrina pallida Britton & Rose. 

Trinidad: Hot. OarcL Trin. 2821 (Trin), 10557 (Trin), 10896 (Trin), 
11186 (Trin), 13221 (Trin), 12220 (Trin), 12222 (Trin); Britton 2656 
(type coll., Trin); Britton & Hazen 220 (Trin); Bean s.n. (Kr. Herb. 
15182). 

19. Erythrina mitis Jacq. 

Venezuela : Carabobo: L. Williams 12171 (IIS). 

23. Erythrina amazonica Krukolf. 

(^OLo.MHJA: Putumayo: Cuatrevasas 10647 (US), 11212 (US). 

This is the first record of the species from Colombia. 

2r)a. Erythrina Corallodendrum var. bicolor Krukotf. 

St. Lucta : Ward s.n. (Kr. Herb. 15202). 

26. Erythrina cuhensis C. Wrijrht. 

Cuba: Pinar del Rio: Acuna s.n. (Kr. Herb. 15261). 

27. Erythrina herbacea U. 

U. S.: Texas: Parks s.n. (Kr. Herb. 15257), s.n. (Kr. Herb. 15258), .s.n. 
(Kr. Herb. 1529^)), s.n. (Kr Herb. 15578). Florida: Wihnot s.n. (Kr. Herb. 
15790); Kdlip 22871 (A). Mexico: Tamaulipas: Gotiani 10561 (Herb. 
Pnir. Utah). Oaxaca: Me.vni 9202 (P, M). 

28. Erythrina (H)ralloides DC. 

Mexh'O: San Luiz Potosi : Edieards 682 (M). Hidalgo: (U>ttan\ 10191 
(Herb. I^ntr. Utah). 

29. Erythrina elabellieormis Kearney. 

Mexk’O: Sonora: Wie/yins 7251 (A); WJitfe 2126 (GH). 

30. Erythrina lanata Rose. 

Mexk’O: Michoacau: Leav( nworth if- Hooystraal 1299 (M). 

32. Erythrina Berteroana Urban. 

Guatemala: Quezaltenanjro: Steyermark 22665 (F). Retalhuleu: 8tand- 
ley 87817 (F), 87872 (F), 87882 (F), 88112 (F), 88562 (F), 88701 (F). 
Snchitepeijuez : Kosenyarten s.n. (Kr. Herb. 15111). (3iiquiniula: f^teyer- 
mark 20922 (F). Santa Rosa : Standley 78228 (F). Jutiapa: Standley 75721 
(F), 75799 ; Steyermark 20282 (F.) (kiSTA Rica: Guanacaste: Jorge 

Leon 961 ((^R) ; Brenes 12621 ((Rl), 15507 ((Rl). Pniitarenas: Breves 
22801 (CR). Alajuela.: Brenes 15012 (CR), 17002 (CRi) ; Krukoff 2a. San 
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Jose: Skntch 402i (M). Panama: Paiiaiiia: Allen 1631 (F). Chiriqui: 
Davidsoji 735 (A). 

This is apparently tlie first record of this common and widespread species 
from the Departments of Suchitepe(piez, ChiquinuiJa and Jutiapa. 

82a. Erytiirina guatemalensis Krukoff. 

Guatemala: Suchitepeqnez: Rosengarten s.n. (Kr. Herb. 15124). 

The species has been hitherto known only from Baja and Alta Verapaz. 

33. ErYTHRINA AMERICANA Mill. 

U. S.: Alabama: cultivated: f Parkn s.n. {Kr. Herb. 15298). Texas: culti¬ 
vated: f Parks s.n. (Kr. Herb. 153()0)y f s.n. {Kr. Herb. 15301), f s.n. {Kr. 
Herb. 15302). Mexico: Morelos: Krukoff la. ()axaca: Mariinez-Calderon 51. 

34. Erytiirina Standleyana Krukoff. 

Cuba: Pinar del Rio: Acnua s.n. {Kr. Herb. 15403). 

37. Erytiirina rubrinervia II. B. K. 

CohOMiMA: CMhh: Ramos Nunez s.n. {Kr.Herb. 15193). rundinamarca: 
Quintero s.n. {Kr. Herb. 15234). 

Local names: (^locho Colorado (("olombia). 

38. Erytiirina mkxk^ana Krukoff. 

Mexico: Oaxaca : Mexia 9231 (F). Guatemala: San Marcos: (ritsnnann 
s.n. {Kr. Herb. 15129), s.n. {Kr. Herb. 15365). Quezaltenan^o : Stegennark 
33556 (F), 33722 (F). NICARAGUA: Granada: Grant 870. 

This is the first record of the species from Nicara^nia. The (huitemalan 
specimens were collected at altitudes of 1300-1500 meters. Dr. Steyermark 
states on the labels of his specimens: “Leaves silvery beneath, olive i»recn 
above, corolla briji’ht red, calyx dull red.’’ 

39. Erytiirina lanceolata Standi. 

Costa Rica: Alajuela: Rrenes 5892 (CR), 11576 (CR), 13200 (CR), 
13201 (CR), 13461 {CR), 15006 (CR), 18938 (CR), 21812 (CR), 21989 
(CR). Carta^o: Lanke.st(r s.n. {Kr. Herb. 15377). 

41. Erytiirina gibbosa Cufod. 

COHTA RivA: : Krukoff 2a; Brenes 403f (CR), 1113 (CR), 1866 

(CR), 5755 (CR), 9364 (CR), 13202 (CR), 20625 (P). Carta^^o : Krukoff 
5a. Panama*. Bocas del Toro: Woodson ei al. 1930 (A) ; von Wedel 578 (M), 
1196 (M). Chiriqui: Woodson et al. 913 (A). Code: Allen 110 (A). 

Local names: Poro de montana (Co.sta Rica). 

On my recent trip to Costa Rica I became acquainted with tlie sjiecics in 
the field. It is a very spiny small tree, usually 20-25 ft. hijrh and is common 
alonj? streams on elevations above 1000 meters, at least in the region of Tur- 
rialba (Cartajro) and in the region of Buena Vista (Alajuela). At the time 
of my visit to Costa Rica (August) the majority of trees were in flower and 
a few had immature fruits. Seeds are uniformly scarlet. The species has been 
hitherto known in Costa Rica only from the provinces of Alajuela, San Jose 
and Limon. 
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42. Erythrina panamknsis Standi. 

Panama: Boeas del Toro: von Wcdcl 1766 (M). Canal Zone: Marjorie 
Brown 16 (P). Darien : Terry 1413 (A, P, M). 

43. Erythrina costaricensis M. Mielieli. 

("OSTA KicA: Cnanaeaste: Brencs 15636 (CUl). Alajiiela: Kruhoff la. 
Cartaj^'O: Jorge Leon 558 (Cll), 768 (CR); Krukoff 6V/, 7a, 8a. 

This lar|*e forest tree, often up to 80 ft. is eoininon alonj*’ streams 

on elevations below 1000 meters at least in the rejiion of Buena Vista (Ala- 
juela). 

45. Erythrina MAC'RomiYLLA DC. 

Guatemala: Qnezaltenanjro: ^^tandley 87066 (P). 

Standley notes on the label: ‘‘Korky open hillside; alt. 1200-1400 meters; 
small tree, common; flowers brij»ht red.’’ 

50. Erythrina velutina Willd. 

Trinidad: cultivated: Bol. (lard. Tnn. 10013 (Triii). Vene/jtela : ('ara- 
bobo: L. Williatns 13333 (in part, P). 

The New York 1 Botanical Garden 
New York 
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THE NORTH AMERICAN VARIATIONS OF 
DISTICHLIS SPICATA 

Alan A. Beetle 


The j^renus Distichhs of the Gramiiieae (tribe Festiu*(‘ae) y)reseiits an nn- 
usiial problem amoiip: the jirass p:enera of North America because of its 
dioeciousiiess. The members are primarily grasses of alkaline situations, 
hence the common name “salt ^rass.” This author recojrnizes three species 
in North America, Dfstichlis spicaia (L.) Greene (a complex consistinyr of 
several well marked f>*eo<»Taphical varieties), I), texana (Vasey) Scribn., and 
Z>. palmer} (Vasey) Fassett. These last two are so easily distiiifruished by 
their lar^^e size and Jon^ sj)ikelets as to need no further discussion here. Out¬ 
side of North America the j 2 :enus is re[)resented by D. distichophyUa (Labill.) 
Fassett in the south Australian area, in South America by Distichlis spicaia 
where ayrain it seems to be broken up into well-defined yreof^raphical varieties, 
and by 1). scaparia (Kunth) Arech. 

liafinescpie (1819) first proposed Distich Its, sei)aratin^ it from Unto! a 
and Festnea and includin<»: D. taarifima {D. spicaia) and D. nodosa (also 
D, spicaia). For nearly a century most botanists were content to call all the 
North American material of this comi)lex one si)ecies, whether found on the 
Atlantic coast, on the Pacific coast, or inland in the dry basins of the West. 
That the sj)ecies IJniola siricia of Torrey (1824) was but a variety of D. 
spicaia was reasoned many times over a Ion*;’ period by Gray (1871 as 
Brizopyrum), Thurber (1880), and Scribner (1894). Recently there has 
been a tendency to find sj^ecific differences between D. stneia and D. spicaia; 
see Rydberji* (1909), Fassett (1925) and Hitchcock (1985). Most of these 
studies were carried on with reference to a limited anionnt of (California 
material. It was the additional evidence from this polymorphic {»i-oup which 
made the jiresent study seem worth while. 

Fassett (1925) has built uj) the best case for the maintenance of Disti¬ 
ch lis siricia (Torr.) Rydb. as a sjiecies. In liis treatment he confines D. 
spicaia to the east coast-of North America and the Pu^^et Sound i*ef»ion while 
the rest of the North American material, wdiether inlaml or on the California 
coast, is called D. siricia. His separation is as follow’s : 


I), spicaia 
corp])act panielos 
30-20 s])ikelctH 

9 spikolets sUj^htly firiiUM’ the stami- 
iiate 

spikelets 4-0-, rarely 32-flowcre(l 
Jemmas 4.5-7.8 mm. loiif? (except in a few 
plants) 

(«8 


J). .si net a 

more 0 ]>en ])anicies 
36-24 spikelets 

9 spikelets firm and coriaceous, tlie stami¬ 
na te pa])ery 

spikelets 6- to 18-flow(‘red 
lemmas 3.2-5 mm. in lenjjtli 
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D. apical a J). airirta 

grain 2 mm. long, ovoid, and not muvh grain 2.5-5 mm. loiig, narrowed to an at- 
mirrowed below tlie two beak-like styles temiate st^le, wbicli is sometimes split, 

but hardly into two distinct stylos 

leaves smooth-edged and Idunt or oblicpie leaves 8har}>-]>ointed and serrate at the tip 
at the tip 

That Distichlis dnifata R.vdb., ‘‘described as differing from D. spicafa 
and 1). stricfa in having broader leaATs, spikelets, glumes and paleas and 
dentate keels on the paleas,’’ differs “onl.v in degree” was eoneluded by 
P^assett, and has re(*ently been eorroborated by Reeder (1948). This <*oneln- 
sion is again reaehed here but it is further maintained that the differeiu'es 
between D. spicafa and I), strict a are not suffieiently eojistant to treat the 
entities as more than geographieal varieties. 

Tliere an* no more (‘omimet spikes (either staminate of pistillate) than 
tliose found in the material from eoastal (’alifornia ; on this eharaeter as well 
as leaf serration and tip, and aehene measurement the material should fall 
with D. spicafa, but, as ])ointed out by Fassett ( 1920 ), the eharaeters of the 
jialea and lemma are eloser to those of D. stvicta. The number of spikelets in 
material from California has been found to vary from 8 to 60 in pistillate 
])lants and from 8 to 20 in staminate plants. The* great variation in texture 
of both the palea and the lemma, usually eoi*i‘elated Avith the width of the 
base of the lemma, is recognized, but no ])attern of diseontinuity has been 
discovered. In general the plants which Hitclu'ock has maintained represent 
Z>. stvicta as opposed to 1). dcatata have narrow spikelets with less firm 
lemmas and y)aleas and la(*k the conspicuously dentate palea wings. There 
is certainly no dividing line. Some specimens from California are no differ¬ 
ent in texture from those of the Atlantic coast. The nund)er of florets in a 
spikelet in (^difornia material has been counted from 8 to 14 in pistillate 
])lants and from 8 to 20 in staminate plants. The Amriation in both slia])e and 
sizt* measurements of the grains is Aery confusing. Some of the seeds liaA^e 
a. slender attenuate ti|) Avhile others have an abruptly truncati* tip, and 
every length betAveen l.o and 80 mm. has been found in aj^parently fully 
mature material from Avestei*n North America. As a result of the foregoing 
it is ('oncliided that D. stvicta is not specifically distinct from 7>. spicafa. 

Jn rea(*hing this deiusion it is not sufficient to study only the North 
American material. There are thirt(*en inde])endent names (I), ainniahia^ 
avaucana, hivta, hiimilis, ta.riflova, mavpinata, mendoema, an.scva^ pvosfvata. 
fnuiifolia, ihala.ssica, vindis, rolckniatnii) for South American material^ 
AAdiich, in light of the heavy conspecifieity betAvetm the tAvo continents, have 
a definite bearing on the ])roblein. That other botanists Avho have dealt with 
this South Aimn-ican material consider 1). spicafa a single ])olymoi’|)hic 
speedes composed of many geographical varieties is indicated by the combi¬ 
nations D. spicafa xnv.'Inunilis (Phil.) O. Kuntze, A^ar. mavginafa (Phil.) O. 
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Kiiutzo., var. thahmica (H. B. K.) Ktze., aiul D. spivala var. mcTidocma 
Hack. Althou^li these varieties are considered to belorij? to tlie same species 
as tlie North American varieties, tliey have marked diflPeren(*es, e.f?., culm 
pnbesc(»nce, and as 3’et it lias not been determined Avith certainty that any 
of the varieties occur on botli sides of the ecpiator. 

Actually it is not enough merely to decide taxonomically that all the 
strains of a comjilex comprise a <?iven species. Often names for the entities 
in subspecific cate^'ories are very important. Diaiichlis is one of the few 
perennial trasses of prostrate habit, spreading by rhizomes (or rarely by 
stolons) Avhich is adapted to alkaline soils. In tlie west where large areas are 
alkaline, covers for air fields and playgrounds are important but difficult to 
establish. Although Disiivldis will probably never be highly recommended 
for forage it seems that some of the strains are mucli more ])alatable if not 
more nutritious than others. An analysis of the various California types 
seems therefore well justified from a utilitarian standpoint. 

Observations in the field tend to indicate that male and female plants 
occur with approximate freipiency throughout the whole range, although 
often only one or the other is present in a limited area Ix^cause of vegidative 
propagation. Although ])ollen is freely produced and pistillate jilants flower 
abundantly, mature seed is siddom set probably because of (a) the separa¬ 
tion into male and female colonies, (b) the extreme xero])hytic nature of 
the habitat which often does not allow sufficient time for full development. 
Of i{‘12 North American collections of the Disfichlis spicfffa complex avail¬ 
able for study, Avhich may be taken to comjirise a random sampling, 141^ 
were ])istillate only, 22 had both pistillate and staminate jilants, and 167 
were staminate only. As noted by Iteeder (194.4) there is a noticeable pre¬ 
dominance of staminate plants in the I), sfricfa group. AViiere plants are 
only vegetative no way has been discovered to determine whether they are 
male or female, but it is usually jiossible to determine to Avdiat variety they 
belong on vegetative characters. Even the staminate and jiistillate spikes, 
as mentioned by Hitchcock (1945), are very similar, usually differing to a 
marked degree only in the jialea. 

Stebbins and Ijove (1941) rejmrted 2n-40 for Distichlis, the only 
chromosome number reported for (hilifornia material. Holm (1891) was 
able to recognize as distimtt North American entities, based on anatomical 
evidence, the folloAving: I), maritima (Atlantic coast), Z>. maritima var. 
stricta (Nebraska), I), maritima lajra (Utah), D. thalassica H. & K. 
(Lower California), I), prosirata (Mexico). This author is unable to ap¬ 
praise the significance of the rather incomplete data. 

California material of Disfichlis often displays insect galls caused by the 
fly, Chlorops (jr amine a Coq. 
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SiiK^e luiK'h of the cMuifiisioii in (leterminin<>: plants in the past has been 
over staiiiinate arnl j)istillate ])lants it was deeided here to treat each 
separately. The plants were first separated arbitrarily into males and fe¬ 
males and then sej)arated into units on the basis of the female plants only. 
It was then considered sijiiiificant tliat the male plants from the same region 
had the same vegetative characters. 

In the jn’cparation of this paper material From the followhif** lierbaria 
has been examined: Agronomy Division Grass Herbarium (AG), C.'olleoe 
of Ajiriculture, Tniv. of Galifornia, Davis; Dotany Department, Univer¬ 
sity of Galifornia (IKU. Berkeley; Dudley Herbarium (D), Stanford Uni¬ 
versity; Galifornia Academy of Sciences. In the interest of brevity the 
source of the s])ecimens exce])t ty[)es wdl Jiot be further sjiecihed. 

DISTK'IILIS lUP^INESQUE 

Dioecious ])ereniiials; culms wiry, uimijrht from strong’, creeping’, or 
deeply-running rhizomes; lijiule short and evenly serrate; leaf-blades notice- 
al)ly, often stiffly 2-ranked, flat or somewhat involute; staminate spike ex- 
ceedinj*’ th(‘ blades, the blades usually ecpiallin^ or exceedinjj: the ])istillate; 
s])ikelets in o])en or dense s])ikes, few to many flowered; jilumes une(iual, 
broad, nerved ; lemmas closely to loosely lubricate, 9-11 nerved, cori- 
ac'cous; palea usually a little shorter than the lemma, two keehnl, serrate 
on the keels, often with a few lonjr hairs on the back, the nerves sometimes 
excurrent; (‘aryopsis brown ; stamens d. 

Plants pistilbiti* 

Spikes eoii^cst<Hl, the slinrt hnldeii, of uiiiforinlv .Vt) 11()W(*um1 

si)ikeU'ts 

Spik(‘s narrow, rulins stiictly erert, inwer stolonifc'unis, oft(‘ii .S-() 

(ill), lon^ 

()iiti*r ^liinic 3 niin. loiify, scu-ond jjliiiiu* 4 inni. lonp;; leninia ca. 

d-lO noiwed 1. T). sptcaia 

Outer ^luine 2.5 mm. lon^, .second fi^lume 3 mm. loiif^; hmiina ea. 

12-1-t nerved 2. 1). spivuta var. horealis 

S])ikes o\ar, culms usually ju-ostnite, ofte)) stoloiiifcuous, up to H dm. 
lonj^ IP I>, spied fa var. sfolomf era 

Spiki's of appioximato but i.arely conj^ested spikeh'ts, the i)edicels r(‘ad- 
ily \isible, the number of llorets Aery variable (5-14) 

Lea^es divaricate, culms and leaves rijjid 4. J), spieata var. ihvaneatn 

Lt‘aves mo.stly a.sceiidiiiff, culms and leaves lax 

1 Hades lon^j (1-2 dm.), ecpially si>aced on the culm, often e(pial- 
ling or exceeding the spikes; spikelets 4-{) mm. broad 

5. J). spienfa var sirieta 

Jlladcs short, seldom 1 dm. long, usually crowded at the base, 
and exceeded by the spikes, .spikelets 2-4 nun. broad 

Palea broarlly winged at base, usually hairy on tlu* back 

(). J). spienfa var. vniia 

J’alea narrowly winged at base, glabrous on the back 

7. 1). spieafn var. mexieana 

Plants staminate (a rudimentary ])istil often iin'seutl 

Spikes congested, of uniformly 5-y-flow'ered spikelets, the blades usu¬ 
ally equalling the spike 
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Culms strictly erect, spikelets pale green or slightls ]>urpli8li 

Florets mostly 5-1) j)er spikelet; leaves 1-2.5 cm. apart on culm 

usually 1. Z>. spicata 

Florets mostly 7-10 ])er 8]>ikelet; leaves 1.5-C cm. apart on culm 

2. 7). spiaata var. hoirnlis 

Culms somewhat prostrate, often stolonifcrousj spikelets strongly 
purplish 3. 1). spicata var. sloUmifcra 

Spikes approximate but rarely congested; the blades not usually e(pial- 
ling the spike 

Leaves divaricate, culms and leaves rigid 4. 7). spicata var. divaricata 

LeJives mostly ascending, culms and leaves lax 

Blades long (1-2 dm.) ; spikelets 4-6 mm. broad 5. I), spicaia. var. sfricia 
Blades short, seldom uj) to 1 dm. long; 8pik(*h*ts 3-4 mm. broad 
First glume 2 mm. long, second glume 3 mm. long; anthers 2 
mm. long 6. 7). apicaia var. iiann 

First glume 3 mm. long, second glume 4 mm. long; anthers 3 
mm. long 7. 1). spicata var. wcxicana 

1. DisTiniLis sncATA (L.) (Jreeiie. 

Culms 1-6 dm. tall, slender, erect; blades erect ii]) to 1.5 dm. long, 1-2.5 
cm. apart on the culm; ecpialing or exceeding the i)istillate spikes and rarely 
exc(*eded by the staminate s])ikes; pistillate spikes j)ale green, 1-6 cm. long, 
of 8-36 congested spikelets, these spikelets 5-9 floAvered, up to but not ex¬ 
ceeding 1 cm. long, 4 mm. broad, the first glume 3 mm., second glume 4 mm. 
long, the lemmas 6-10 nerved, 3.5-4 mm. long, closely imbricate, the ])alea 
2-keeled, the keels minutely, evenly serrate, the 4 nerves often excurrent; 
(*aryopsis ca. 2 mm. long, soimnvhat truncate at the tip. 

Staminate spike ])ale green, 1-6 cm. long, of 6-30 congested spikelets; 
the spikelets 7-10 floAvered, ca. 1 cm. long, 4 mm. broad, the first glume up 
to 3 mm. long, the second glume up to 4 mm. long, the lemmas 6-10 nerved, 
3 mm. long, the ])alea 2 keeled but othervAise nerveless, ca. 3 mm. long; 
anthers ca. 2- 3 mm. long. 

Tf 77 )c locality: Atlantic Coast of North America. 

Rauyc: Coastal salt marshes. Prince EdAvai'd Island to Florida; West 
Indies; Louisiana; Texas. 

Since any of the collections made in this range may be considered re])re- 
sentative of typical Disiichlis si)icata (L.) Greene, no specimens AA’ill be 
cited. 

2. D. smcATA var. borealis (Presl) Beetle, cond). nov. 

Brizopyrum horealc Presl, Kel. llaenk. 1 : 280. 1830. 

(hdms 2-4 dm. tall, erect; blades erect, exceeding the pistillate spikes 
and rarely exceeded by the staminate; ])istillate spikes pale green or slightly 
purplish, 2-6 cm. long, of 10-60 congested spikelets; the spikelets ca. 1 cm. 
long, 4 mm. broad, 5-9 floAATred, the florets closely imbricate, the first glume 
2.5 mm. long, second glume 3 mm. long, the lemmas 12-14 iierA^d, 4.5 mm. 
long; the i)alea 3.5 mm. long, eA^enly serrate on the keels, nerveless, the 
earyopsis ca. 2 mm. long, somoAvhat truncate at the tip. (Figs. 1, 8.) 

Staminate spikes pale green or slightly ]mrplish, 2.5-5 cm. long, of 6-30 
congested spikelets, the spikelets up to ca. 1 cm. long, 4 mm. broad, 5-0 
floAvered, the florets closely imbricate, the first glume ca. 3 mm. long, second 
glume 3.5 mm. long, the lemmas 4.5 mm. long, 8-12 nerved, usually not 
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scabrous on the back, the palea 3.5-4 mm. serrate on the keels, nerve¬ 
less; anthers ca. 3 mm. long. 

Type locality: Nootka Sound, Vancouver Island, Jlaenkc. 

Female: British C’olumbia, Orescent Beach, H^aathavi (-adboro Bay, Pinro in 

1894. Washington, (Uallam (’o., Elmer J667; San Juan (b., Eoush in 1919; Twin Island, 
Jierff .'Uf King Oo., Thompson Male: British (blumbia, Sookc Harbor, Pinco in 

1898. Washington, Whatcom (b., Kitsap Oo., 0(i.s 1635. 

Distichlis spicata var. horcnlis is in many respects intermediate between 
the typical material on the east coast of North America and D. spicata var. 
stolonifcra. The Puget Sound material has the tall erect habit of typical J). 
spicata as well as the narrow spikes but in the purjilish color of the spikes 
and many of the technical measurements suggests the var. stolonifcra. 

3. D. SPICATA var. stolonifcra Beetle, var. nov. 

Culms up to 3 dm. tall, often prostrate, with a strong tendency to ])ro- 
duce stolons; blades erect, mostly 1-2 dm. long, tlie ui)per exceeding the 
pistillate spike and usually equalling the staminate; pi.stillate s})ike green 
or often strongly purplish, oval, club-shaped, 1.5-5 cm. long, often 2 cm. 
thick, of 8-35 congested spikelets, the spikelets 5-9 flowered, closely imbri¬ 
cate, ca. 1 cm. long or rarely longer, 4 mm. broad, the outer glumes 2.5 mm. 
long, second glume 3.5 mm. long, the lemmas 5 mm. long, faintly nerved, the 
palea 2-keeled, broadly winged below, with very hyaline margins, serrate on 
the keels above but smooth at the base, caryopsis ca. 2 mm. long, broadest at 
the base, sliglitly truncate at the tip. (Figs. 4, 12.) 

Staminate spikes green or often strongly purplish, 1.5-5.5 cm. long, of 
6-20 congested s])ikelets often interrupted below, the spikelets 7-10 flowered, 
ca. 1 cm. long, 4 mm. broad, the first glume ca. 3 mm. long, the sec'ond glume 
ca. 3.5 mm. long, the lemmas 3.5 mm. long, faintly nerved and wTakly 
scabrous, the palea subequal with or slightly longer than the lemma, the 
keels minutely, evenly serrate above, the margins hyaline, nerveless, anthers 
2.5 mm. long. (Fig. 7.) 

Culini saepe ])rostratae, saepe stoloniferae; spicae feminae viride aut 
saepe forte purpurascentes, ovatae, cum 8-35 congestae si)iculae; spiculac 
cum 5-9 florae. Spicae masculinae viridae aut saei)e forte purpurascentes, 
cum 6-20 congestae spiculae; lemmae circa 3.5 mm. longac; ])aleae sub- 
aequalae, bicarinatae. 

Type locality: near Ferndale, Humboldt Co., California (pistillate), 
July 30, 1899. «7. B. Davy & W. C. Blasdale 6202 (U('). Co-type.: Areata, 
Humboldt Co., California (staminate), June 17, 1899. J. B. Davy & IV. C. 
Blasdale 5604 (UC). 

Female: Ualiforuia, Humboldt Co., Eureka, Yales Marin Co., Point Beyes, 

Davy 6736; (biitra Costa Co., Point ’Riehmondy Beetle, 1753; Alameda Co., West Berke¬ 
ley, Davy 856; near Han Francisco, Bolander 1537; Han Mateo Co., Beetle 1888; Santa 
Cryz Co., Santa Cruz, Thompson in 1903; Monterey Co., Monterey, Elmer 4042; Orange 
Co., s. of Laguna Beach, Beetle 3099; Han Diego Co., Coronado, Chandler 5164. 

Male: Oregon, Netarts, Thompson 3150. California, California, Humboldt Co., 
Eureka, Stehhins dt Church 310i; Mendocino Co., Fort Bragg, Davy 4' Blasdale 6125; 
Marin Co., Davy 4039; Contra Costa Co., Wiesendanyer 1534; Alamoda Co., Hayward, 
Nixon in 1915; Han Francisco, Bolander 1537; Hanta Clara Co., near Alviso, Dudley in 
1903; Monterey Co., Del Monte, Elmer 4043; Hanta Barbara Co., Hanta Barbara, Elmer 
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'•V,)()2; Los Aiigolos (\j., IVbMe lioacli, Foshrra S4475; Oraiipfo s. of ]iaf;iuia Loacli, 
liccilr 


The most (*luiraeteristie and stronjily stolojiifei'ous material of tliis variety 
is found at eei’tain points akmjr the coast, namely at Humboldt Bay, Sail 
Francisco Bay, Monterey Bay and Orange (kmnty. Material from other 
points alonji* the coast is less stoloniferous but ap:rees in technical points. 
Jn Die coast lulls and inland marshes there is a considerable amount of inter- 
gradation, although most of this material is nearer to var. striefa. 

4. I). si'K’ATA var. stricta (Gray) Beetle, comb. nov. 

Ilnzupin Hill Spiratinii var. strict urn A. finiy; S. Wots., iu King, Goul. E\j>l. 40th 
l*ni. 5: .‘hS,-). 1S71. (Pasod on Vtnota stneta Ton*.; 

Culms 1-11.5 dm. tall, erect or rarely decumbent, the blades up to 2 dm. 
long, the upper eipialling or exceeding the pistillate spikes but exceeded by 
the stanunate; pistillate sjiike green drying straw brown, 2-7 cm. long; of 
5-40 approximate spikelets, the spikelets 0.5-2 cm. loiig, 5~20-flowered, 4-7 
mm. broad, the mature florets often strongly retlexed, usually not closely 
imbricate, the first glume 2-3 mm. long, the second 3-4 mm. long, the lemma 
3.5-6 mm. long, tirm, with a broad hyaline margin, the palea 3-5 mm. long, 
the keels ('oiis])i(niously serrate to the base, often dentate, narnnv or winged 
at the base, occasionally with a few long hairs on the back, the caryo))sis 2-5 
mm. long, sometimes slenderly tapered to a single beak, sometimes truncate 
with a double beak. (Figs. 2, 11, 13.) 

Staminate sjiike green or rarely juirplish, drying straw brown, 2-5 cm. 
long, of 5-25 approximate stiikelets, the sjiikelets 0.5-2 cm. long, 5-20- 
flowered, 4 -7 mm. broad, closely imbricate, the first glume 2-3 mm. long, the 
second 3 4 mm. long, the lemmas 5-6 mm. long, firm, ecpialed by the ])alea, 
the palea 5-6 nun. long, the keels conspicuously serrate to the base, infre- 
(iiiently dentate, rarely liroadly winged, usually with at least one jirominent 
marginal vein, tlie anthers 3-4 mm. long. (Pig. 6.) 

T)f})( localihf: Canadian Hiver, Oklahoma. 

Ramje: Alkaline situations; Saskatchewan south through N. D., S. D., 
Kansas, Nebraska, Oklahoma, and Texas and Avest to the Pacific (kiast. 

J). spiritfa var. siriefa has the widest range of any of the varieties. In 
various parts of its range it approaches in certain characters all the other 
varieties and even the typical material from the eastern seaboard. The 
amazing variations in the caryopsis suggests the following liy])othesis. 
Di^stlchlis might be called an evergreen grass. Jt neinls only suffiedent warmtli 
and moisture to start n(*w groAvth. Yet its xerojihytic habitat seldom gives 
it a [irolonged ])eriod of growth for most of the time it is either too cold or 
too dry. Sonu' aidienes are jiroduced in the cold wet winters and some in the 
hot, dry summers and many are caught in a partially mature condition when 
growth ceases. It is very possible tliat here is a case in Avhich some of the 
rejiroductive structures are of less importance than the vegetative. 

In California the range of the species is disrupted by the Sierra Nevada 
and Tehachapi Mountains. 

Modor Goimty, Manning Siskiyou (^o., Butter lS4f; Lnsson (\>., Bc( tic .2S()7; 
Glcmi Co., Davii iu 1898; Sierra Co., Lemmon in 1874; Colusa (U)., Beetle ,'L^7 0: Yolo 
Co., Baynor iu 1939; Ahnnoda Co., Yates 3503: !Mouo Co., Bose 33416; Merced Co., 
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Fias. 6-8. Staminate paleas. Fia. (>. D. sptcala var, sfriciay drawn from Santa 
Barbara Co., material. Fig. 7. D, spicaia var. stohmiffray drawn from Alameda 

Co.^ Calif., material. Figs. 9-13. Sample grains of the 1). spicata complex. Fig. 9. 7). 
spicata var. 7iana, drawn from Merced Co., Calif., material. Fig. 10. I), spicata var. 
divaricatay drawn from Imperial Co., Calif., material. Fig. 11. 7>. spicata var. stricta, 
drawn from Sandberg 4' Leiherg 46S, tlie co-type of 77. deniala. Fig. 12. 77. spicata 
var. stoUmifera, drawn from San Mateo Co., Calif., material. Fig. LI. 1). spmiin var. 
stricta, drawn from Nebraska material. 
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Howell j046; Kings Co., Hretle ; Tulare Co., Palmer ^7o4; Inyo Co., Beetle S661); 
Kern ('o., Davy 4S4£; Han Luis Obispo Co., Johmvsen 1190; Ventura Co., Simontacchi 
112; San Bernardino Co., Beetle S204; Orange Co., Wolf 378f); Riverside (V)., Koethen 
in 1897; San T)iego (V)., Chandler 5227. 

5. D. SPicATA (L.) Greene var. nana Beetle, var. nov. 

Culms ereet, very slender, 1-4 dm. tall, the blades up to 6 dm. long, 
rarely longer, exeeeded by both the staminate and pistillate spikes, often 
crowded at the base, the pistillate spikes green or purplish, drying brown, 
1-4 cm. long, of 8-12 approximate spikelets, the spikelets 0.5-2 cm. long, 
3-18-flowere(l, 8-4 mm. broad, closely imbricate, the first glume ca. 3 mm. 
long, the second glume 3.5 mm. long, the lemmas ca. 3.5 mm. long, very broad 
at the base, O-nerved, the jialea subeqnal, very strongly ciliate on the keels, 
abruptly winged below, with a single prominent marginal nerve, the caryop- 
sis ca. 2 mm. long, abruptlv truncate at the apex, the apex often bent. (Pigs. 
3, 9.) 

Staminate spike green or purplish, drying brown, 1-4 cm. long, of 3-12 
af)i)roximatc spikelets, the spikelets 0.5-2 cm. long, 3-16-flow’ered, 3-4 mm. 
broad, closely imbricate, the glumes ca. 3 mm. long, the lemma ca. 3.5 mm. 
long, broad at the base, 9-nerved, the palea subccpial, evenly ciliate on the 
narrow keels, antbers ca. 2 mm. long. 

Culmi erectae, summe graeiles, 1-4 dm. alti, laminae generalis us(pie ad 
6 dm. lo!igae, saepc basi confluenti, spi(*ae feminae viride aut purpurascentes, 
('um 3-12 ])ropin(piae spiculae; spiculae propinquemente imbricatae, cum 
3-18 florae, lemmae circa 3.5 mm. longae; paJeae subaequalae, bicarinatae. 
Spicac masculinae viridae aut purjnirascentes, cum 3-12 ])ropinquae si)icu- 
lae, si)iculae cum 3-16 florae. 

Tifpe locality: California, Tulare (kninty, Whitaker Forest, June 28, 
1928, P. R. KennedV (AG). Co-tv})e: California, Kern Countv, near Bakers¬ 
field, 1896, J. 11 Davy ISil (UC). 

Fcmulc: (’siliforiua, Teluniin (’o., w. of Red Bluff, BfclJe 3285; Keni Co., MeKit- 
triek, Yales (1511; Tulare Co., Whitaker Forest, Kennedy in 19:18; Santa Barbara (V)., 
w. of (’uyaiiia Haiieh, Beetle 3031; Merced (’o., e. of Sail Joaquin R., Sithbnis 279S; 
Stanislaus Co., w. of Modesto, Beetle 2941 ; Monterey Co., s.w. of Bradley, Grahni 370; 
San Diego (^o., Escondido, Meifer 151; Lassen (N>., Ainedee, Davy in 1897. 

Male: California, Stanislaus Co., Sharsmith 3777; Kings Co., s. of Arinona, Beetle 
2967 ; Kein ('<»., neai Delano, Davy 2146; Tulare Co., Visalia, Dudley in 19(K); Alameda 
Co., n.w. of Halfway House, G. L. Stebhois 2736; Fresno Co., Huron, Eastwood in 189J. 

This variety is often reported collected on soils wliii'h seem to be hardly 
if at all alkaline. It has the finest leaves and would seem to be the most 
])alatable for stock. 

6. 1). SPICATA (L.) Gre(‘ne var. divaricata Beetle, var. nov. 

(htlms 1-4 dm. tall, very stiffly erect, the blades rarely exceeding 5 cm. 
in length, rigid, divaricate, exceeded by both the staminate and i)istillatc 
spikes, the jiistillate spike green or purplish (piickly turning brown, 2-6 cm. 
long of 6-20 a])proximate spikelets, the spikelets ().5-1.5 cm. long, 5-12- 
flowered, 3-6 mm. broad, the first glume 3 mm. long, the second glume 3-3.5 
mm. long, the lemma ca. 4 mm. long, broad below, without prominent nerves, 
the palea ca. 3.5 mm. long, often dentate, consi)icuously serrate on the keels. 
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usually witliout prouiinent nerves, the caryopsis 2-3 iniu. louiu^ plump, 
usually somewhat tapered to a single apex. (Pig. 10.) 

The stamiuate spike green or purplish cpiickly turning' brown, 2-6 cm. 
long, of 6-15 approximate spikelets, the spikelets 0.5-1.5 em. long, 5-12- 
flowered, 3-6 mm. broad, the first glume ea. 3 mm. long, the second glume 
nearly subecpial, the lemmas ca. 4 mm. long, broad below, without prominent 
nerves, the palea subequal, very narrow, nerveless, the anthers 2-2.5 mm. 
long. 

Culmi 1-4 dm. alti, summe erecti rigide, laminae generalis uscpie ad 5 em. 
longae, rigidae, divarieatae; spieae feminae viride ant ])urpuraseentes, emu 
6-20 propinquae spieulae, spieulae eum £5-12 florae, lemmae sinae ])romi- 
nentae nervae; paleae saepe dentatae; gramen pinquis. Spieae maseulinae 
viridae aut purpuraseeiites, eum 6-15 propinquae sj)ieulae, si)i(*nlae eum 
5-12 florae, sine promineiitae nervae; paleae subaequalae, sun)me angustae, 
sine nervae. 

Type locality: California, Riverside Co., Salton, J, B. Davy in 1002 (UC). 
Co-type, California, Imperial Co., Salton Sink, Maixdi 17, 1017, E. A. Mc¬ 
Gregor 779 (Dudl). 

Female: California, Kern Oo., near Koaamoiul, Davy 2944; Mexico, ^Y^‘Htern Sonora, 
1808, ir. If'. Price; Sonora, Wigyinn Baja Calif., IViyyifi.s GiHespie 4171, 

Male: (California, Mojave, M. E. Jams in 1917, Heath Valley, Gnnvrl! in 1917. 
Mexico, Baja Calif., n. of Ensenada, Wiggins 4* Giflcsinc S920, 

7. Distichlis spk^ata (L.) Greene var. mexicana Beetle, ViU'. nov. 

Culms 1-3 dm. tall, erect, rather slender; blades erect, u]> to 1 dm. long, 
the upper about equalling the pistillate spikes and exceeded by the stami- 
nate, the pistillate sjiike green, 3-5 cm. long, of 6-16 approximate spikelets, 
the spikelets 0.5-l,5 cm. long, 3~4 mm. broad, the u])per often curved, of 
3-12 florets, the first glume ca. 3 mm. long, the se(»ond 3.5 mm. long, the 
lemma prominently 0-nerved, very broad below with a hyaline margin, ('a. 
5 mm. long, the palea sube()ual, serrate on the often dentate keel, Avith a 
single prominent marginal vein, the caryopsis plum}) at the base, gradually 
tapered to the apex. (Fig. 5.) 

Stamiuate spike green or }>urplish, 1.5-8 cm. long, of 6-15 ap})roximate 
spikelets, the s})ikelets 0.5-1.5 cm. long, 3-4 mm. broad, the U])pei* often 
curved, of 3-12 florets, the first glume ca. 2 mm. long, the second 3-3.5 mm. 
long, the lemmas ])romiiiently 9-nerved, broad below, with a hyaline margin, 
the palea subequal, serrate on the keels, narrow above and slightly broadened 
below, the anthers 3-4 mm. long. 

Culmi 1-3 dm. alti, erecti, aliquanti graeiles; laminae erectae, usque ad 
1 dm. longae; spieae feminae cum 6-16 propinquae spieulae, spieulae superi- 
oribus saepe flexi, cum 3-12 florae, lemmae et })aleae subae(pialae. Spieae 
maseulinae, viridae aut })urpurasceiites, longae, cum 6-15 proi)in(|iie s])icu- 
lae, spieulae sui)erioribus saepe flexi, cum 3-12 florae. 

Type locality: Mexico, city of Durango, 1896, E. Palmer 5W8 (IK^) 
(pistillate). Co-type: Mexico, city of Durango, E. Palmer 182 (UC) (stami- 
nate). 

Mexico, Valley of Mexico, 1897, C, G. Pringle 6610. 
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SpK(’iFir Names Applied to Distichlis 
DiJidchliSf Rafin. in Jour. Phys. 89: 104. 1819. 

ammohia Phil, in Anal. (Iniv. (Jiil. 43: 569. 1873 (South AnicMica). 
araucana R. Phil. Anal. TTniv. (3iil. 94: 162. 1896 (South Aincrica). 
condensala Ilomsl. Biol. CVntr. Am. Hot. 3: 578. 1882-1886 (based on Megastachya 
condensntiim) (Mcxieo) = Voa " 

(Irntala Rydb. Bull. Torroy Club 34: 536. 1909 (Washiiifrton, Sand])ei 7 r & T^oiberg 
463) = 71. spicala var. .sfrtcia. 

(hstirhojihyJJa (Ijal)!!!.) Fassett. Rhodora 27: 71. 1925 (based on Vnwla disficho- 
phylla ). 

hirta Phil. Anal. Fniv. (3iil. 43: 570. 1873 (South Ameriea). 
huTnilis Phil. Anal. Mas. Nae. Chile, Bot. 86, 1891 (South Ani(‘riea). 
huiflora Tlaehel apud Stuekeit in An. Mus. Nae. Buenos Aires 21: 141. 1911 (South 
America ). 

maryinaia Phil. Anal. Mus. Nae. (3iile 86. 1891 (South Auieiiea). 
mantima Tbmth. FI. Austral. 7: 637. 1878 (Australia) 71. distirhophylhi. 
maritima Radn. Jour. Phys. 89: 104. 1819 (based on Uniola marilima) ~ 71. spicaia. 
mantima var. Ia.ra Holm. Bot. Gaz. 16: 277. 1891 (T'tah) = 7l. spicaia var. stricfa. 
maritima var. stncta Thuib., in S. Wats., Bot. Calif. 2: 306. 1880 (bas(‘d on Vitiala 
stricta). 

mcndocrina l*hil. Sert. Mend. Alt. 51 rSouth Anuoica). 
misrra Phil. Anal. Mus. Nae. Chile 86 1891 (South Ameriea). 

miitfincrvosa Pi])(‘r. Biol. Soe. Wash. Proe. 18: 147. 1905- Vasryocliloa miiltincrvosa. 
iiodasa Rafin. dour. Phys. 89: 104. 1819 (based on Fcslura fhslirliophylln and F. frith 
era) -Voa micJunn*. 

pahnen Fas.s(‘t ex T. M. Johnston in Proe. Calif. Acad. Sei. Ser. IV. 12: 984. 1924 
-Vinola pal UK n 

prosirata (H.T5.K.) F. ])es\. in (\ Gay, FI. (3nl. 6: 398. 18.13 (based on Voa piosfrala) 
(South Ameriea ) 

sropana (Kunth) .Art'ch, Gram. Ciutif. 397. tab. 58. 1894 (]>;.s(*d on Voa sropana) (South 
Ameriea). 

spicaia (Tj.) Greene. Hull. Calif. Acad. 2: 7. 411. 1887 (basin! un Viuola spicaia), 
spicaia var. hiimihs (Phil ) O. Ktze. Ri-v. Gen. 3, ]>! 2: .310. 1898 (South .\merie}i). 
spicaia var. Ia.ra Vasey, Beal, Grasses N. Am. 2: 519. 1896 (IHah, Trncif in 1887) = 77. 
spicaia \ar. si net a. 

spicaia var. marpuiaia (Phil.) (). Ktze. Ke\. Gen. PI. 3, pt. 2: 310. 1898 (South 
.America). 

spicaia var. mnKlo::nia Hack. Anal. Mus Xac. Buenos Aires sei. il, 6: 513. 1906 (South 
America). 

spicaia siricta Scribn. Mein. 'Pone} Club 5: 51. 1894 (based on Fuiola s(ncla)~T). 
spicaia \ar. sincia. 

spicaia var. lhalassica (H.B.K.) Ktze. Rev. Gen. 3, ]it. 2: 310. 1898 (South Ameriea). 
stneia Rydb. Bull. Torrc'y (Muh. 602. 1905 (based on J^mola shicla). 
stncta \ar. la.ra Fass(*tt (s])alm. Fawcett) & West ex Munz, Man. South. Cal. 12. 1931 
(based on P. mantnua var Una) P. stncaia \ai. siricta, 
icnuifoiia Phil. Anal. Fniv. Chil. 94: 162. 1896 (South Ameriea). 

tcjaua Senbn. in T^. S. Dept. Aj;fr. Hull. Aj^iost. (Mrc. 16: 2. 1899 (based on Voa tc.iiana'). 
ihaia^sica (Tl.B.K.) F Des\. in V, Gay, FI. Chil. 6: 397. 1853 (South Ameiica) (bascnl 
on Voa ihaiassica ), 

Uiatassica ^ar. mcmiocina Kurtz. Bol. Acad. Nae. Cieiic. C(»rdoba 16: 121. 1897 (South 
America ). 

riridis R, Phil. Anal. T"ni\. Chile 94: 163. 1896 (South Annuica). 
volckmanui Phil. Anal. Fniv. (3nl. 43: 571. 1873 (South Annuica). 

Division of Aokonomy, University of California 
Davis, California 
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Berger, C. A., and E. H. Witkus: A cyto- 
logical study of c-niitosis in the i)()ly- 
somatic plant Spinacia olcraeea, with 
comparative observations on Allium cepa 
457 

Bctula allcghcnicnsis 220, 221 ; lenfa 221 ; 
pap yr if era 513 

Bicuculla canadensis 223, 224 ; rueullaria 
223, 225 

Bidens lac vis 485, 486 

Blcekcria elliplica 549; vltiensis 549 

Blephdia hirsuta 225 

Bloutt, Rohert: Djfrcrentiatioii in rc<l 
root-tips of Phalans arundinacca 182 
Bold, Harold Corneliv I^. (\\RKy, and 
John Hendley B^KNHART: Tracy Elliot 
Hazen 559 

Bochinena cyliudrica 485, 486 
Bonner, .Iames: Further experiments on 
the nutrition of isolated tomato roots 
184 

Botanical Literature, Index to American 
83, 198, 325, 440, 550, 651 
Bolryehiinn dissect um 223; ohliquum 223; 

virghuanum 223 
Boutcloua gracilis 471 
Brachyphragma Serenoi 433 
Brassavola nodosa 105, 106 
Brhopyru m boreale 643; spiral um var. 
strictum 645 

Bromus BenecVenii 233; inermis, Morpho¬ 
logical variation and cvtologv of 467- 
471 

Broussonelia papyrifera 513 
Brunonia australis 515 
BnbaMa argentinensts 521 ; crotonis 521, 
525; chertiac 521; erythroxylonis 521; 
mexicana 69 
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Buddieia officinalis 515 
Buckleya distichophylla 227 
BUN74KLL, TI. H.: A new coiistituent in 
wheat frorm oil 599 

Burkholder, 1’aul R., and Dorothy 
Moyer: Vitamin deficiencies of fifty 
yeasts and molds 372 

(Jain, Rtanlky A.: The tertiary character 
of the cove hardwood fori'sts of the 
(treat Rnioky Mountains National Park 
213 

Call land ra conzat liana 89 
Callislcm071, spcciosns 501 
Calhospora diphysac 81 
Calopogo7i pulchcllus, the nioi‘i)hology and 
anatomy of 349 
Calopoflomnm galactioides 80 
Cal yean thus florid us 513 
Calyplndiitiu innbcllatum 03 
Campanula rolundifoUa 515 
('ampanidaslriim amcricaniim 225 
Camptothccium woldcnn 130 
Campylnim stctlatuni 130 
Canavaha 7'iliosa 73 

Candida albicans 373, 375; chalmcrsi 373; 
chcvalirri 373, 375; deformans 373, 375; 
flnrcri 373; mycoloriiloidi'a 373; parU' 
hrusri 373; slcllaloidca 373; zcyla^ 
noides 373, 375 

Carex auslrchcaroliniana 224; digilala 233; 
flrxiiosa 224; gc'ycri 477; Howet 48(5; 
pennsijlvantca 3()-38, 40, 225; plan- 

lac/inra 224; prasina 225; stellata 225 
(’\KEY, (’OKNM'.LIA L., 11 \ROLD 0, ROLD, AND 
John TIknoley Rarnhakt; Tracy Elliot 
Tlazen 559 
(Ulrica papaya 110 

(\\RLSON, Mak(}KR\ C.: The mor])hology 
and anat(uny of Calopocjon pulchcUus 
349 

Carpinus caroliniana 220; grandis 220 
(Uissia Tora 220; lorafoi mis 220 
Caslancu claihorncnsis 220; de n tala 221, 
22(5; mollissima 513 

Cattleyaj growth of fruits in, and allied 
genera in the Orchidaceae 104; amc- 
Ihysloglossa 105-107, 110; bicolor 105; 
boivringiana 105-108, 110, 110, 117; 
granulosa 105-107, 110, 115; guttata 
105; intermedia 105; lahiala 105, 111); 
var. mossiac 104; loddigcsii 105—107, 
110; lutcola 105; skinnc rt l(h5; trianaci 
105, 100, 108-110, 118 
Caulophylhnn robustnm 227; thalicfroides 
224, 227 

Cclastrus angnlala 50(^; orbiculala 500— 
507; scandens 430, 500, 505-507 


Celtis Ifarperi 535-537 ; occidentalis 220; 

panic al at a 530; vitiensis 536, 537 
Cenchrns ciliaris 527 ; pauciflorvs 35-37 
Cephalanthus occidentalis 480 
Ccrastium arvensr 514 
Ceratostomella fimbriata 191, 192; ips 191, 
192; microspora 191, 192; montinin 191, 
192; obsciira 191, 192; paradoxa 191; 
penicdlala 191, 192; piceaperda 191, 
192; pini 191, 192, 194; radtcicola 191- 
194; stenoceras 191, 192, 195 
('eras canadensis 220 ; wilcoxiana 226 
Cerotelium daedaloides 520-522; fici 70, 
79; inorobcanum 522 
Chaetomium mtiroium (J 
Chalara my coderma 373, 375 
Chalaropsis Ihielavioides 191, 192 
(’handler, (’lydk: Number of chromo¬ 
somes in two H[)ecies of Amorphophallus 
012 

Ch e I la ntlu s g laeilh ma 475 
Chondodendion eandicans 400; limacii- 
foltnm 401; platiphyllum 400; foaica- 
tosum 400; loxicofernm 401 
(liondrophora nudata 01; rirgata 01 
(Jhroniosomes of Astragalus 430 
Chrosperma ntuseaetoxicum 225 
(Tirysler, M, a., and W. G. MuIntyke: 
The morphological nature of the phyto- 
synthetic ( igans of Orchyllium Endrcsit 
as indicated by their vascular structure 
252 

Chrysomyxa pyrolae 7() 

('leuta Curtissii 480 
Cimicifuga amencana 224 
Circaea tat if oh a 225 
Cissus cjuadrangulans 527 
Cladonia alpisiris 149; v;ir. aberrans 147; 
alpicola 147; amaurocraea 142, 149; 
hacillaris 142, 149; beilidifora 147, 149; 
borbonica 145; Boryi 149; (‘iiespiticia 
141, 145, 147; calyeanlha 139, 145; 
cariosa 141; enroll n tana 149; cenotea 
147; chiorophaea 139, 143, 145; clavuh- 
fera 145; coccifexa 142, 149; coniocraea 
145; conista 145; cornvloradiala 145; 
crispala 157; cristatclla 142, 144, 149; 
crypt odd orophaea 143, 145; cyanipes 

149; drformis 143, 149, 150; dcUcata 
147, 148; desfneta 150; didyma 142, 
144; digitata 143, 148; endoxantha 143, 
148; tivansii 141, 140; fimbriata 145, 
150; Floerkeana 142, 149; furcata 141, 
145; gtauca 147; gonecha 143, 147, 149; 
gracilis 145; var. elongata 141; (irayi 
145; impexa 140, 147; mcrassnta 143, 
144, 147, 149; Uporina 143, 144, 149; 
macilenta 142, 143, 148; major 141, 145, 
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IfiO; matcocyatha 145; mrrochlorophara 
145, 146; mitu 149, 150; mitrnla 145; 
mnUiformis 145; nemoxyna 145; papil- 
laria 14J ; persquamulom 148; pttyrea 
J45; pleurola 143, 149, 150; polydactyla 
143, 148; pyxidata 145; ranyiferina 141, 
145; ranyiformis 141, 150; Mavntelii 
148; 148; scahriuncnhi 145; 

squatnom 147; strt^pxilis 142, 147, 148; 
subcariom 146; suhsqmimoaa 148; ayh 
vafica 145, 149; symphycarpia 141; 
tennis 145, 149; nneialis 149; verticil- 
lata 139, 145, 150; vidcanica 144 
Cladoiiiju^, Asahiiia^s iiiifr()(‘lit*mi(‘al studies 
on the 139 
Ctadrasiis Infea 221 

Clauskn, Rohert T. : The section Sedas- 
fnim of Sednm 289 
Claytonw viryintca 223, 224 
Clefhra nlnifoha 515 
Clintonui borealis 225 
Clitoria tirnaiea 513 

Cnemidophaeos eonferfiflortis 433; flavns 
433; Grayi 433; peel mat ns 433; rafae- 
lr7isis 433; toanns 433 
Coeenlns eineraseetis 400 
Coysirellia ambigna 60 
CJohdiieiuized onion root-tips, nietapliase in 
175, 459 

Coll 171 son ia eanadensis 225 

Colnbrina asialica 545; ferrnginosa 79; 

papnana 545; vitiensis 544, 545 
Commehnia angnstifoha 398; erecta var. 
a7ignst'ifolia 398; f. erispa 398; var. 
Deamiana 398; var. Greenei 398; var. 
typiea 398; f. interenrsa 398 
(^oneept of inOoreseenee 496 
(’ONSTANCE, lilNrOLN, AND MlEDRED K. 
Mathias; New North American Umbel- 
liferae—11 58 

Conysa absin thiaefolia 629, 631; araneosa 
632; bonariensis 632; canadensis 632; 
confusa 632; Conllrri 630; diva neat a 
632; eriopbylla 632; gnaplialioides 630, 
632; microglossa 632; viima 630; noto- 
bellidiasfrnm 631; parva 632; pnsdla 
632; ramosissima 632; Schiedeana 532; 
spathnlata 632; subspatbulata 632 
Conyza, the separation of Erigeron from 
629 

Coprosnia ellipfiea 393; longifolia 394 f 
var. longifolia 394; var. oppositlfolia 

394; mololcaicnsis 394; montana 393; 
var. crassa 393; ochracca var. kaalac 
394; var. lypica 393 
Coreopsis palmata 36, 37 
Corn ns eanadensis 492; florida 492; mas 
514 


Corylns aniericana 40 
Coi'yne sarcoidcs 372, 374, 376 
Crataegus eris galli 490; var. danielsii 491, 
493; f. vnlgaris 491; mollis 491; prni- 
nosa 490, 492, 493, 495; f. pubernla 491 
Crataegus, the infiorescem^e of 489 
(-R01ZAT, Lron: The concept of inflores¬ 
cence 496; What is tlie trinomial typi- 
cus?—I 310; IT 406 

C’RONQUIST, Aether: The North American 
s])ecies of Erigeron centering about E. 
speewsns (Lindl.) D(\ and E. glabellns 
Nutt. 265; The separation of Erigeron 
from Cotiyza 629 

(■ROSS, G. L.: The shoot apices of Jthro- 
taxis and Taiwania 335 
(Vossing-over and second division segrega¬ 
tion in fungi 605 

Croton ciliato-glandnlosa 70; ealvrseens 
70; draco 69; gossypifolins 521; hirtns 
521; monanthogynns 521; payaqnensis 
69 

Cryptogrammo acrostiehoides 475 
Cryptomeria japonica 23 
Cryptotaenia eanadensis 225; japoniea 33(5 
Ch'iMMiNS, George B.: Descriptions of tro])- 
ical rusts—V 68; VI 517 
Cnnnninsiella standleyana 70 
Cnnnnighamui laneeolata 20, 336 
(M etis, John T., and Rodert K. Denc’an: 
Growth of fruits in Cattleya and allii^d 
genera in tln‘ Orchidaceae 104 
Cnsenla approxnnata var. episonehnni 67; 
var. leneosphaera 67; var. Webbii 67; 
austral is \ar. breviflora (>6; var. Tinri 
6 (»; liatansae 67; var. soeotrensis (>7; 
braehyealyx 67; eapxUaris 67; vai. 
syriana 67; eompacta var. efnnhnala 
65; cordofana 67-; corymhosa \nv. sfylosa 
67; decora 62; var. indieora 62; var. 
pulehernma 62; dentienluta 64; Epi- 
thymnni var. alba 67; var. angnstata 67; 
var. angnstissima 67; Flossdorfii 66; 
foetida var. pycnantiui 67; formosana 
66 ; grandiflora 65; Gronoini 64, 65; var. 
cnrta 65; var. latiftora 64; var. Sanrnri 
64; Harperi 61; hispidnla 62; indecora 
62, 63; var. neiiropetala 62; Japoniea 
66 ; var. formosana 66; var. thyrsoidea 
66 ; megalocarpa 65; mierantha (52; 
neiiropetala 62; var. littoralis 62; ne- 
vadensis 63, 64; palaestina 67; var. 
syriana 67; pauci flora 62; plant flora var. 
Godronii 67; var. subpapillosa 67; 
potosina 67; var. globifera 67; pnl- 
cherrima 62, 63; pnsilla 62; racemosa 
var. miniata 66; var. minnta 66; reflexa 
var. angnina 67; var. brachystigma 66; 




INDEX TO VOIiUME 


667 


saccharata 07; salina 04; A^ar. apoda 63; 
Snksdt)rfii 03; tmbroaa 05; Vealchii 64; 
var. apoda 63; xanihochorioa var. can- 
vat a 07 

Cuftrufa^ Nonieiiclatorial (*hanges in the 
genus, and notes on some American 
H])et*ieH 01 
Cpcas rrvolvta i23 
(\ijmophplh(.H Frativri 225 
CifH(>.rplon flondum 221 
Cjipcrus fiticidviis var. mac^ilcvtufi 36; mc- 
lanostaclnins 80; rotHndui< 397; schtccm- 
itzi 30 

Cppnprdium parviftorinn 351 
Cjistoptf ri.s tiapdis 223 

(J\tological study of o mitosis in the ]>o]y- 
somatic plant Sptnana nlcracta, with 
(•oinparati\e observations on Atham crpa 
457 

Davrpduou tj^cftpodioidcs 533 
Darti/h.s pUnm rata 470 
Dahlia maionn 09 
Dallachifa vitirnsis 544 
Dai mknmike, H F., \Nn A. W. Slipp: 
IMant sue(*(‘ssion on talus slopes in nortli- 
ern Idaho as inOuenced by slo]>(‘ e\- 
posuie 473 

Dtcoihni V( riH'lltalns 485, 480 
!)('(lUKfia a losiindi s 514 
J)( (/riif na viticnsis 537 
Dcntana diphplln 222, 224 
D< sniodnim iltniornsi 35, 38 
Des<'ri]»tions (tf tropical rusts—V 08; YT 
51 7 

Dicot vledoiu's, Flower f(»i ms and groups of 
510 

Didifiiuinn nunipis 161 
Dtf/ilanii pnnirvs 534; sralannn 520 
Difl'erentiatum in r«d root tips of Phafaris 
ai midniaci a 182 

Dihofco.s hisutcat us 432; haifdruiaii us 432; 

ooralpcts 432 
Diphifth la rifuntsa 225 
Diphpsa ffnnituuda 81 

Diospiiros vn (fiuiaua 220, 515; wilcoj laua 
220 

J)iscocali/.i r,<uttiflora 547; sylvestris 547 
Disporuiu lauupinosum 224 
Distichtis annuohia 049; araucaua 049; 
covdnisata 049; dcntata 53-50, 039, 042, 
040, 049; distichophiftla 038, 049; hirta 
049; liumdis 049; la.nflora 049; mar- 
pinata 049; mantnna 038, 040, 049; vai. 
ta,ra <>40, (>49; \ar. sincta 040, 049; 
lucndovnia 049; nnsrra 049; midii- 
viri'osa 049; nodosa 038» <>49; pal men 


(>49; prostraia 640, 049; scoparia 038, 
049; sptcafa 53, 038-049; var. borealis 
041-045, 049; var. dlvaricata 041, 043, 
040, 047, 649; var. humdis 639, 049; var. 
ta.ra 049; \ar. marpmaia 639, 649; var. 
mcndocina 049; var. mexicana 041-043, 
048, 049; var. naxia 041-643, 040, 647, 
049; var. stolonifera 041-643, 045, 040, 
649; var. stricta 041-043, 645, 040, 049; 
var. ihalassica 640, 049; stricta 53-50, 
638, 039, 049; var. Ia.ra 049; intuifoha 
049; t(’.rana 038, 049; Ihalassica 049; 
var. mcndocina 049; riridis 049; volck- 
manni 049 

Dislichlis spirata, The North American 
\ariations of <538 

Donn, John D., and Alknandkr Dershoa^: 
Experiments in the grafting of species 
111 the genus Viola 91 
Droscra rotundifolia 230 
Drifoptcris ddatata 223; hcjaponopiri 
223; intermedia 222, 223; marpinalis 
223; noi'eboravcnse 223 
Diibaiitia lincans 390; lonchophpUa 390; 

uticidata 3.90; sherffiana 395-397 
Didichium arundinaceum 237 
Di npw, Rodi-rt E., and 3oiin T. (^i rtis: 
({rowth of fruits in ('attUpa and allied 
genera in th(‘ Orchidacea(‘ 104 
Davyer, .Iotin D. : Kaii teurca, a new genus 
of the Ochnaceae 50; 3'axonomy of the 
monogeneric trilx* Ehasieae (Ochna¬ 
ceae ) 42 

Difsehoristc puadranpidaris 7<> 

Kleoeharis acirularis 237 ; oehreata 480 
Klephantopus niidlis 395; spicafus 395; 
tonuntosiis 395 

Kleutheranthi ra ruderalis 77, 78 
Elvasia bn npniirellata 44,47; ralophifllea 
42, 43, 15, 40; ranescens 44, 40, 47; 
eariUK nsis 42, 44, 48; elvastoidi s 44, 48; 
essrpiiibensis 44, 47; llostmannia 48; 
{lunnpieloba 44, 45; sehomburtfki 45; 
spi lief i 45 

Elvasieae, Taxonom\ of the monogeneiic 
tribe 42 

Kndoconidupdiora paradox a 191-194 
Kpacris obtii SI folia 515 

Ephcflra altissima Desf., Structure jiiid 
develojjinent of the shoot apex of 15 
Ephedra altissima 15-24; rampplopoda 
17; monostachi/a 10; t'ldparis 1<> 
Eptdendriim cdiare 105-107, 113; var. 
latifolia 112; coehleaturn 105; var. iri- 
andriim 100, 107, 11 (<-115; tampense 
105, 100, 115 
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Epipacfis palitftiris 349 

Eragronlis macilenta 528; unioloides 534 

Erechtites hieracifoHa 486 

Erianfhus giganieva 486 

Erica cinerea 515 

Erigeron abrvptorvm 274; acris 630; ah 
pinvs 629, 630; anicularum 273; var. 
laftuncuhtft 273; anodontus 214t] apiou- 
latuA 267; araneosus 632; asper var. 
appressus 273; var. snhmicgcr 274; 
Bdkeri 271; honariensis 632; canaden¬ 
sis 35, 36, 38, 630, 632; consohrinus 
274; conspicuns 271; divaricatus 632; 
Drummondii 274; Earlei 274; eldensis 
267; criophyllus 632; euccphalotdes 269; 
eximius 268, 272; fraiernus 274; folw- 
sissiinus 269; formosissimns 266, 267, 
272; var. typicus 272, 273; var. viscldus 
268, 272; fruUcciorum 272; glaheUns 
265-267, 271, 273, 274; subsp. pubes- 
cens 273, 274; subsp. typicus 273, 274; 
gnaphaHoides 630, 632; grandiflorus 

, 272; GuHelmi 272; hirtuosus 272; in- 
vanescens 271; iodanthus 272; UinpUyl- 
1ns 269; macranihus 269, 270; subsj). 
mirus 267; microglosMs 630, 632; mul¬ 
ticolor 273; oblanccolains 273; ohsenrus 
273; oligodontns 274; var, aenminafns 
273; oxyodontus 274; patens 269, 27(>; 
pcrcgnnns 632; plaiyphyllus 267, 269— 
271; procerus 274; pusillus 632; riibi- 
enndns 272; nidis 269; salicinus 268; 
scabcrnlns 272; f>chiedcavus 630, 632; 
sc ni I rasns 269; si rn pJex 629; S m tfh ii 
272; spaihulatus 633; spccjosns 265- 
270; var. macranthus 269, 270; var. 
typicus 268; snbasper 272; snbcosfatus 
273; snhsp'icalus 630; subtrinerris 266, 
267, 271, 272; subsp. conspicuus 271; 
subsp. t3rpicus 271; superbus 266-268, 
272; uintahensis 267, 270; nniflorus 
629, 630; villosulns 271; viscidns 270, 
272; Vreelandii 269, 270 
Erigeron^ North American species of, 
centering about E. spcciosus 265; The 
separation of, from Cdnysa 629 
Eriogonim subalpinum 473, 477 
Erwphorum chamissonis 236 
Erysiphe gro,minis triticif Influence of 
temperature on the infection of wheat 
by 378 

Erythrina amazonica 635; americana 636; 
Bertcroana 79, 635; hr evi flora 634; 
Corallodendrum var. bicolor 635; cos- 
taricensis 637; crisia-galli 634; enbensis 
635; Domingvezii 6.34; eduUs 634; fah 
cata 634; fiabelliformis 635; gibbosa 
636; glanca 633; gnatemalensis 636; 


herbacea 635; lanata 635; lanccolata 
636; leptorhiza 635; macrophylla 637; 
mcxicana 635; mitis 635; montana 635; 
pallida 635; panamensis 637; Poeppigi- 
ana 634; rubinervia 636; speciosa 634; 
Standleyana 636; velutina 637; verna 
634 

Erythrina, Supplementary notes on the 
American species of—IT 633 
Erythronium amcricanum 222-224 
Eulalia fulva 529 

Euonymus amcricanus 222; obovatns 222; 
yedoensis 514 

Eupatorium Icptophyllum 486; purpurcum 
486; ttriicacfolium 222-224 
Euphorbia corollaid 36-38, 40; maculala 
36 

Euchlaena mcxicana 69 
Ev.\ns, Alexandkr W.: Asahina’s micro- 
chemical studies (HI the (Oadoniae 139 
Excavatia clUptica .549; viiiensts 549 
Experiments in the grafting of 8p<*cies 
in the gmius l^tola 91 

Fag us grandi folia 220, 221 
Fassett, Norm an (\: Another driftless 
endemic 398 

Fesiuca dtsi ichophylla 649; ulaltoensis 
477; ovina 470; pratensis 470, 471; 
h'ihcca 649 
Fcvdlca Inlohala 51.5 
Ficus iHvolula 79 

Flavobacienum devorans 4; fusrum 4; 

lacunat um 4; sul fare urn 4 
Flower forms and grou])H of Dicotyledones 
510 

Floating units on a southejistern cinistal 
plain reservoir 481 
Fames annosus 372, '374, 376 
Forsyllna intermedia 515 
Fonquieria splendens 515 
Fosbkro, F. R.: Notes on ]>lants oT the 
Pacific Islands—III 386 
Frankcnia Jemesn 514 
Frankhnia alalamaha 514 
Fraxinus amencana 221 
Fuchsia mtn nil flora 68; speciosa 514 
Fnirena incompleta 76 
Fuligo sepiica 156, 161 

Further experiments on the nutrition of 
isolated tomato roots 184 
Further note on the ])roduction of thia¬ 
mine by Actinomyces 369 
Fusarium rcticulatum 8 

Galium aparinc 225; circaezans 225; tinc- 
torium 486; triflorum 224 
Gaiiltheria shallon 236 
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Geluer, Sidney, and Michael Levine: 
Metnphase stage in coU-bieinized onion 
root tips 175 

Geoprimnon crassirarpnm 433 
Genus Stacinfurus 615 
Gcntiana macrophpUa 515 
Geranium marnla1 am 225 
Germination eai)aeity of maize pollen hav¬ 
ing aberrant nuclei 449 
Gershoy, Alex\ni)er, and John 1). Dodd: 
Exj)eriments in the grafting of species 
in the g€*nu8 Viola 91 
Geiim eanadenae 225 

Gieford, Ernest M.: Structure and d<‘- 
velopment of the shoot apex of Kphedra 
altif(,sima Desf. 15 

Gilly, (biARiiEs: A pieliminarv in\estiga- 
tion of the North Aineiican canes 
(Antndinaria) 297 
Gink (JO hilohn 18 

Glk\s()n, it. a., and J. If. I’ierck: Two 
new species of TJijpirieiim from Golom- 
bia 174 

Glob if era umbrosa 486 
Glijeitie Apion 225 
Giotdi nia ora I a 515 

Gotddia hdlebiandu var. nodosa 393; ^al. 
hfpica 393; st.johnii \ai. innnroi 39(b 
391; v.ar. Iijpiea 390; ffiminali.i ^ar. 
bobcoidrs 390; var. eoidaia f. eiieordata 
391; f. sanlahfolia 3‘U ; \ar. kapnaensis 
f. pittosporoides 392; f. violetae 392; 
var. lanai 390; var. niaentearpa f. cnne- 
ata 392; /. scleropU ijlla 392; \ar. osfea- 
earpa 392; var. oraia 391, 392; f. 
(novata 31U ; f. obovata 391; \ar. par- 
vida f. enparrifoha 392; f. impressa 
391; f. snbpilosa 392; vai. jmhesci ns 
3112; \ar. psindodiehotoma 390, 391; 
^ar. snbeordaia 390, 391 
Grossnlaria ('iinosbaii 222 
Growth of fiuits in ('aitU na and allii*il 
genera in the 0!Thidact‘ae 104 
Gcndersen, Alfred: Flower foiins and 
grouj)s of Dicotyledones 510 
Gijnniolomia snbfl(\i nosa 7<S 
(lijmnosporanfjiinn (inatenialiannin 71 ; 

meridissnnnni 71; speeioanni 70, 71, 77 
Gijiiandropsis sprriosa 540 

Jfabenaria rrpitis 485, 486 
IlaJesia monlicola 219, 220, 221 
Hamamclis virginiana 221 
Hansen, Henry P. : A pollen study of two 
bogs on Orcas Island, of the San Juan 
Islands, Washington 236 
llansenida mavi'olnis 373 


()()9 

Jfannigana madagasearensis 522 
Hazen, Tracy Elliot 559 
Ifedeoma pidegioidcs 37 
Jfedijchiiim ('oronanim 535 
JieliantMcmiini cannm 514 
llelianlhus animus 563-596; longtfolins 
61 ; oec'ideii tails 35-38 
JieUanihus aniiuus seedlings, Osmotic 
(iuantiti(‘8 of the cells of 563 
Hemileia harunganae 522; rutideae 522 
Hcmitriehia vesparmm 152-162; Observa* 
tions on the culture of 152 
Ilepaiica omerieana 226; triloba 22(5 
Herrick, ,1. Arthur, and Const. J. 
Alexofoulos : A further note oji the 
]»roduction of thiamine by Aeiinoniifccs 
369 

J/enehera aniencana 225 

Jlieoria (Kjnaltca 226; rordifonnis 221; 

glabra 22(5; jaeksonlana 22(5; pecan 22(5 
llibisens oeuliroseus 486; hliaecus 397 
Uieraeinm allurtinuin 477; longipilinn 36, 
38 

1Iol(Khseus, A taxonomic revision of the 
genus, (Rosaceaej 275 
Jlolodisens argenteus 27(5, 277, 278, 285, 
28(5; var. alpestris 286, 288; ^ar. bifrons 
285; var. Matudai 286; var. typicus 
286, 288; var. velutinus 286; australis 

276, 281; lionrsieii 277, 282, 286; dis- 
color 276, 277, 278; xar. delnortensis 

277, 278, 280, 286; \ar. dumosus 281; 
vai. franciseanus 278, 279, 280, 286; 
\ar. (jlabi'i set ns 284; vai. nnerophi/llus 
283; var. typicus 278, 279, 28(5; dumo¬ 
sus 276, 27 7, 280; var. australis 281, 
28(5; vai. Schaffneri 281, 288; var. 
typicus 280, 281, 286; fissus 27(5, 278, 
284, 286; Jraneiscana 279; (jlabr(sccns 
284; Lo(s<ncn 285; miciophifUns 277, 
283, 28(5; \ai. glabrescens 283; var. 
sericeus 28:>; \ar. typicus, 283, 281; 
orizabae 278, 284, 28(5, 288; pachijdis- 
cus, 277, 282, 28(5, 288; sa.rieola 282; 
Schaffneri 281 ; rein tin us 28(5 

Uoninlobus podocaipus 432 
IIormodendron pcdrosoi 376 
Host niannia clrasioid( s 48; (ss( (fuibcnsis 
47; Sagoli 48, 49 
Iloustonia puipurra 225 
nci-I..iN Li: The genus Staclnjurus (515 
Hunt, Kenneth W.: Floating mats on a 
southeastern coastal jilain reservoir 181 
H ijdrangca ai borescens 222 
Uiidrocoiijle ranunculoidcs 485, 486; tim- 
bellafa 48(5 

JI ijdrophi/llnm canadense 224 
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7[ifmevoiitf‘i)hium cordainm 78 
Uypcrivim chamacmyrfus 174; cuatre- 
caeii 174; garclae 174; pfdiolalum 480; 
virgin hum 486 

Tlypcncvm, two now speeios of, from 
Colombia 174 
Hytifru' Jlystrix 225 

Ihoza riparia 515 
ih.r opaca 221; monticohi 221 
Impahnis pallida 223, 224 
Index to American Botanical Ijitoraturo 
82, 198, 325, 440, 550, 051 
liiOorescenco of Cralai f/us 489 
TnfloroMconco, the coJicept of 490 
Tnlluoiice of temperature on the infection 
of wheat by the powdery mildew, JCry- 
siphc i/ramtnu.s Irifici 378 
Injuries to trees caused by Cclasfrus and 

/'///.S' 4,‘ir) 

Ipomora .say if tala 480; irholor 515 
Lsvliaemum iimorv'UHC 534 

Joucmclla 7\iif(’rsom 433; prachiufja 4;i3 

tJuplaus Sirhohhaua 513 

Junvoidtti bulbofium 225; mitucusc 225 

J uncus icuuis 225 

t/wuipcrus uifjricana 70, 77 

fJussiaca (jmiuhflora 48.‘)~487 

Katclcun (i, a new genus of the Ochnaceae 
50 

Kaieteurea 50; gillyana 51 

Kcrmadrcia ft rrupiuca 537 
KNO»iiO(’Ji, IuvjN(j William: Mor]»hologi- 
cal variation and cytology of Jiromus 
iucruus 407 
Koclcria crislala 40 
Juiclrcufcria paniculata 514 
Kosicicizkya virpivica 485, 480 
Krckokf, B. a.: Supplementary notes on 
the American s]>ecies of JCrylhnna —II 
033 

Kki kofk, B. a., and 11. N. Moldenkk: 
Sup]demeiitary notes on Auierican Meni- 
sp(‘rmacea(!—ITT 400 

Kurilucola artliuri 71; ^uatemalensis 71; 
harnsonmr 74; fici 79 

Laciuiaria microcrphala 01 

Laeha ffoulthana 105; purpurafa 105; 

-- Icnchrosa 105, 100, 108, 110, 115, 119; 
janlhina 305, 115 
Ledum f/roculandic'um 230 
JiANz, Jj. Wayne, and Henry X, An¬ 
drews: A Mycorrliizome from the car¬ 
boniferous in Illinois 120 


Lcfuitrs botulina 372, 370 
Lepidium apctalum 35, 30 
Lepioloma cvpnatum 35, 30 
Lepioies bicolor 105, 106 
Lcucacna planca 397 
Lespedem capital a 30, 37, 38, 40 
Levine, Alien ael, and Sidney Uelbkr: 
Metaphase stage in colchicinized onion 
root tii)S 3 75 

Ley, Arline: A taxonomic revision of the 
genus Jlolodiscus (Rosaceae) 275 
Liatris scanosa 30, 38, 40 
Lilium superbum 225 
Limnobium Sponffia 485, 480 
Linnaca borealis amcricana 230 
Linociera Gillespiei 548, 549; pauciflora 
548; rami flora 548; scssih flora 548; 
vitiensis 548, 549 
Lippia myrtoccphala 74; pnuplct 74 
Liquidamhar sti/raciflua 513 
Liriodcndron cUinense 227; iulipifera, 
219-221, 227, 437; tuhpifcra var. 

chiuense 227 

Literatun*, Index to American Botanical 
82, 198, 325, 440, 550, 051 
Lithospci mum (/melini 37, 38 
Lobaria pulmottana 140, 147 
Lomatium ambitiuum 00; idahoense 58; 

taenpalum 59; Bollinsii 51/ 

Loncliocarpus unetieliauus 78; rut/osus 
78; u did IS 78 

Loncliophaca macrocarpa 433; Oslerhoufu 
433 

Ludu'ipia at at a 480 
Lupinus pen nuts var. occutcntalis 38 
Lttz, TJ. J.: Injuries to trees caus(*d by 
Cclastrus and Vdis 43(5 
Lycianthcs (luichcusis (»8 
Lycopcrsicou t sculcutum 110, 184, 189 
Li/cttpodtum lucidulum 223 
Ij if cop us ru bell us 480 
Liftjodium japonicum 387 
Lifsimachia quadnfoUa 225 

Ma, Roberta, and Wit.livm J. ITobuins: 
Kelation of certain fungi to thiamine 
190 

Macrosporogcuiesis, ftutilization, and early 
embryology of Taraxacum kok-satfliyz 
104 

Mainsia holwayi 73; pcruriauum 73; 

standleyi 71, 72, 73 
Maize ^mllen, germination of 449 
Magnolia Fraseri 219, 221 ; parviflora 513 
Malachra alccifolia 389; rotuudifolia 389 
Malus ««//a.'>'///o//a^ 419-424, 428, 429; 
corovana 419-424, 428; florentina 419; 
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(flabrata 423, 424, 428; platyrarpa 419- 
429; vnr. IJooprsii 42H, 429; sylvrstrts 
420 

Martisuru alfissivia 528; fasrirnlaia 528; 
granular is 528 

Mathias, Mildred E., and I^ini'oln Con¬ 
stance: New North AiinMiean ITinbel- 
liferjie—IF 58 

Mauravdya crubrsccihs 389; scandcns 389 
M('Intyre, W. (f., AND M. A. Chrysler: 
The morphological nature of the jOioto- 
synthetic or^fans of OrchylUum KndrcHh, 
as indicated hy tlu*ir vascular structure 
252 

McVacoh, Kogkrs: The status of certain 
anomalous native crahaj»ples in eastern 
United Htates 418 
Mi‘denla virginlana 224 
MeganiacUya con dm ml mu 049 
Mcibomia nudiflora 225 
Mchnis maiilandi 528; uumiliflora 528 
Meuis])ermaceae, supplementary notes on 
American 400 

Mciiittpi rmmu dabitricmn 513 
Mcnyanlhcs Irifohata 237 
Mmcicma fcrruginca 473, 475 
M cHciubryanlhvinum cordifolimii 514 
Meta[>hase stajye in colchicinized onion 
r(»ot tips 175 

Micranthrs uiicrantbidifolia 225 
Microhiolojjy of the upper air 1 
MicrocorctiM aiiranliacii.s 4; randicaiis 4; 
cajididiis 5; c<ni glome ratios 4, 5; coral- 
flinos 4, 5; flarios 4, 5; frcudciirvichii 
4; liticios 4; pcrflaviis 4, 5; rosacctos 4; 
.slibeltrrios 4 

Microlhyritt's di/sodilis 130 
^fiDDLKTON, John 3\: Chytoplitlnoa lot of 
Belladonna 244 
Micgia p urn da 307 

llama scandcios 485, 480 
Mimosa III visa 540, 541 
Mitchclla rcpciis 224 
MiicUa dtphylla 225 

MoldenKK, Tl. N., AND B. A. Kki kokf: 
SuppUuneutary notes on American ISleni- 
s]>ermaceae—111 400 
Molliigo verticdlata 35-37 
Monarda dulyma 223, 224 
Monilia albicans 373; mctalondiiu lists 373 
Monolropa innflora 225 
Mor]>hoJogical natun* of the phot(»sMi- 
thetic orj^ans of Orcbylliiim Endrcsii as 
indicated by their vascular structure 252 
Morphological variation and cytology of 
Jiromufi incrmis 407 

Morphology and anatomy of Colopogon 
pidchcllus 349 


Morns in sign is 70 

Moyer, Dorothy, and J»aih. B. Bcrk- 
HOLDER: Vitamin deficiencies of fifty 
yeasts and molds 372 
Mucor ramanianios 0, 190-190 
Mnchlcribcclin tamnifolia 80 
Mycoderma lafani 373; vini 373, 375 
M ycorrhizoine from the carboniferous of 
Illinois 120 

Myosotis alpcsiris 515 
.\fyrica asphmfolia 30-38, 40; renfna 
485, 480 

Myristica macrantha 540 

Myrtns communis 514; nnmnndana 02 

\ajas flcxiliA 127 

Nacss, Kuth N.: Observations on the cul 
tnre of Ilcmifncbia vcspariiim, Avith 
special reference to its black plasmodial 
color 152 

Xc'phrolrpis btserrafa 380, 387; \ar. fid- 
cans 380; cordifolia 380, 387; rxaltafa 
387 ; hirsiil ida 387 
Xcrinm olrandi r 515 

Xviirospora 005; crassa 010; sitojdiila 010 
Ncav constituent in wheat g(‘rni oil 599 
New North American Umbelliferae—II 58 
New Species of Sphairalcca from New 
Mexico 531 

Nomenclatural changes in the genus Ciis 
enta, and notes on some American spe¬ 
cie's 01 

Noitli American si>ecies of Eiigcron cen 
tering about K. spiciosns (Lindl.) DU. 
and K. glnbrlhos Nutt. 205 
North American \arialions of Disftrhhs 
spicata 038 

Notes on jdants of the Pacific Islands— 
111 380 

Number e)f chromosomes in two s])eeies of 
A morpbophallus 012 
Xymphai a Candida 5D> 

Xyssa bifloia 220 

Obsei Nations (ui the culture of Urmilrichia 
vrspaniim N\ith special reference to its 
blaek j^lasmodial color 152 
Ocbrosia vllipiica 549 

Oenoihera birnnis 35, 37; rhombipciala 35 
Oncidnim longipcs 112 
Opiintia fragilis 238; siricta 514 
Orcbylliiim Kndrcsii 252-200 
Orcbylliiim Endrcsii ^ the moridiological 
nature of the photosynthetic organs of, 
as indicated by their vascular stiucture 
252 

Osmorrbi::a ('laytom 224 
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Osmotic quantities of tlie cells in the hypo- 
cotyl of Helianthus mnnus seedlin^js 
5()3 

Osmunda. vinnamomoa 223; regalia 480 
Oxalis Aceioaella 226; monlann 224, 226 
Oxgdcndrnm arhoreum 221 
Oxytropia pin el arum 430 

Paehyrhisna angulatua 341 ; irilohna 541 
Padua vtrginiana 221 
Panax irifolium 223, 224 
Panicum alhemarlenae 35; arundiuartar 
69; depauperaium 36; virgafinn 485, 
486 

Parwelia aeefahulum 146; crfrorioidea \t\r. 
i If pica 147 

Parthenoeiaaua <fuuHfuef(dia 222 
Paapahim diahehum 534 
Paaaiflora alato-eaendea 514 
Pellea atropurpurca 398, 399; glabella 399 
Pentatemon frulieoaus 475 
Peniaa carnea 515 
Peramiuvx ophioidea 225 
Peri pi oca gracca 515 
Pcraca pubcacens 485, 486 
Phaca Preuasii 430, 433; erotalarxae 433 
Phaeelia fimbriaia 223, 225 
Phakoapora coUtmbiana 519, 520; crotouia 
521; hansfordii 523, 525; meibomiae 
523; pachyrhizi TS, 523; vignae 73, 523 
Phalaria arundinaeea, clifferentiati<ni in 
red root-tips of 182, 183 
Phaae.olva lathyroidea 397; lunafua 523;' 

maerolepia 73; vulgaris 2(53 
Phmlophora verrucosa 376 
Phlox paniculala 515; afolonifera 224 
Phleuvi alpina 470; pratenae 470 
Phragmoihyritea eocaeniea 136 
Phyeomycea blakealeeanua 193, 369 
Phyllanihus rrtieulafus 527; apeeioaus 514 
Phyaalia virginiana 37 
Physarum polyeephalurn 154, 156, 158 
Phyaopella fiei, 79 

Phytophlhora einnamomi 190; erylhroaep- 
iiea 244; var. alropae 244; parasitica 
244-250 

Phytophthora rot of Belladonna 244 
Pieea rubena 214, 221; sifehoisis 236, 240, 
241 

Piehia alcidiolophila 373; helgiea 374, 375; 

Dombrowskii 374, 375 
PiKR(% J. IT., AND IT. A. Gleason; Two 
new H])eeie8 of Hypericum from Oolom- 
l)ia 174 

Pileolaria Btandleyi 72, 73; clemensiae 74; 
piataeiac 74 

Pin vs alhicavlis 477; banksiana 36, 38, 40; 
contorta 236, 238, 240, 241; monticola 


238, 240, 241; ponderoaa 59; strohua 
437 

Piqneria aiandleyi 74, 7’7 
Pisfaeia mexicana 74 
Plancra aqualica 226 

Plant succession on abandoned fields in 
the central Wisconsin sand plain area 
34 

Plant 8iicct‘ssio»i on tjiliis slopes in north¬ 
ern Idaho as inHuenced by slope ex¬ 
posure 473 

Plant ago lanceolala 515 

Platan us aeeroules 226; oecidentalis 226; 

oriental IS 513 
Pleetronia vulgaris 517 
Pluehea foci ida 48() 

Poa comjyresaa 36, 37; cuspidata 224; 
michauxi 649; pratensis ‘170, 471 ; pros- 
I rata 649; seoparia 649; texana 649; 
tbalassiea 649 
Podophyllum pel latum 224 
Pollen, Germination of Maize 449 
l^ollen study of two bojjs on Orcas Island, 
of the Han duan Islands, Washington 
236 

Polyalthia angustifolia 538 

Polygonum acre 485, 486; con roll ulus 36; 

densiftorum 485, 486 
Polygonal urn b iflorum 224 
Polypodium virgin tan uni 226; vulgore 226 
Pohploidy in f^nluni pulehcllum —1. Gyto- 
geograj)hy 26 

l*oly]doidy in Sednni pulchellum —IT. Hto- 
inatal 8iz(‘ and freqmmcy 261 
Polyporus versicolor 191, 192, 194, 195 
Polystichum acrostichoides 222, 223 
Populus grandidenlata 38, 40; triehoearpa 
238 

T’ORTKK, C. L. : A new species of Sphacral' 
cea from Mexico'5*31 

J*ortulaca fosbergii 397; grandiflora 514; 

lutea 397; oleracea 397 
Indent ilia alba 513; palustris 237 
J'KATT, Kuhkrtson ; liilluence of tem]»era- 
ture on the infection of wheat by th(‘ 
powd(*ry mildew, Krysiphe grammis 
tritici 378 

Preliminary investigation of the North 
American canes (Ariindinaria) 297 
Primula Auricula 259; obconica 515 
Prospodium conjunct urn 74 
Psedcra quinquefolia 436 
Pseudomonas striata 4 
Pseudclcphantopus spicatus 395 
Pseudotsuga taxi folia 59, 238, 240, 241, 
477 

Pterophacos pterocarpus 433; tetraptcrus 
433 
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rtilimynum capillaveum 480 
Pif/chocarifa niacrocarpa 030 
Puerarui Thomsoiiit 541 j Thunhergiana 
041 

l*uccin\a alia 74; brrhrriditf-lnfohae 70, 
74; cacao 028; ccnchri 027; conoclinii 
74, 77; cuilapensis 74, 77; dcgcncr, 72, 
74; digiiariac 524; dyschorlstes 72, 75, 
70; fannaccn 75; f nircnae 70; gouaniae- 
i iliac foliar 023; hansfordiana 523-525; 
inaiidiia 70; knnurai 029; lens 528; 
oahuensis 024, 020; pappiana 028; pas- 
paltcola 024; prohn 70; repentwa 76, 
77; rucUiar-hourgaciy 7(); semota 78; 
scnrciomcola 024; spcgac^ziniana 77, 78; 
suhagitda 78; subsh'iafa 020; inhidosa 
024; ugandana 020; vagaiis 527 
Pgrulana piibcra 222, 227 
Pgthin m debargau uin 248-200; irrcgularc 
*248-200; idUmmn 248-250 

Qucrcus alba 22 (>; cnlvertoncnsis 220 ; cl- 
lipsoidalis M); garrgana 238; wacrocarpa 
40; ma.rima 221; Michaiixii 220; mon- 
iana 221 ; fialnslns 220 ; prinus 220 ; 
vclnfina 40, 220 

Padliardia liinaris 390; hnirhophglla 390; 

rcticidata 390; scabra 390 
Jlannncidiis abort tens 220; fasctcidarts 
220; rcciii vatII.S 224 
Kapanea crassiramea 047, 548 
Pavriirlia bizonata 80; brenspora 527; 

lonchocarpiC(da 78; mere 78; sniidis 78 
Kkkdkk, John IL; The status of Disticldis 
dr III ala 03 

Kolutioii of (‘(Mtaiii fungi to tliiamino 190 
Rhizophagitep 131; butleri 128, 129, 131, 
130; minnnesotensis 128, 129, 131 
Pha m n clla ha i n a n c n sis 044 ; r ii b riiicr vis 
044; vitiensis 044 
Phododr lid roll lappoii icinii 3V)9 
Pints glabra 38; toxicodendron 430, 480 
Pibes laciisfrc 470; nscossnnn m 470 
Rk’KKTT, it. W.: Tfie Intloresi*fiu*t* of 
Crataegus 489 

Houhins, William .1., and Koheuta Ma: 
B<0atioii of (‘(‘rtain fungi to tliiamim* 
190 

Pobinia psciidoacacia 221 
Bosendaiil, C. ().: Soiiiu fossil fungi from 
Minnesota 120 

Unbus hetidifolins 480, 480; canadensis 
222; h'asiitnsis 73; nigrobacens 222; 
Zwerckhcimii 71 
Pudbeckia laciniata 224 
Pncllia amoena 389; graccizans 389; ven- 
iricosa 389 * 


Piimcx acctosella 36, 37 
Rusts, Descriptions of tropical—V 68; 
—VI 517 

Rata gravcolcns 514 
Putidca rufipilis 519, 523 
Ryan, Francis J.; Uiossing-over and sec¬ 
ond division segregation in fungi 605 

Saccharodendron barbatum 220, 221 
i^accharonujccs bayanas 374; vahdus 374 
Sacdolepis striata 480, 486 
Sagiltaria latifolia 486; sagittifolia 033 
Saintpaiilia Unantha 510 
Salacia pachycarpa 542 
iSalix caprea 514; nigra 485, 480 
Sah'ta gracdis 75; mocinoi 75; inyrianiha 
70 

Salvtnia formosa 220; natans 226 
Samanea Saman 541) 

Sanibncns canadensis 480; nielanocarpa 
475; piibens 222 
Same ida eiiropaca 233 
Sarcina flava 4, 0 
Sassafras albidiim 436 
Sa t it r< I a e ttge n o ides 00 
Saiirnrns cernuiis 480 
Scabiosa caiieasica 015 
Schizonolns argenteiis 270, 278, 280; var. 
at pest ns 288; var. angnsi issniins 284, 
288; var. ditmostis 281 ; var. griseits 288; 
var. interincdtiis 288; var. mcxicaniis 
288; var. Miitisianiis 280; anaefoUns 
27H; discolor 278; var. ditinosus 281; 
var. fissits 284; var. Piirslnnntis 278; 
diimosus 281 

Schizosaccharoinyces pombe 374, 370 
Schrankia distachya 540, 041 
Scuidott ma paracusis 404; Sagottana 404; 
solinioesana 401 

Scirpodt iidroii costal it in 034; (ihacri 534 
Selena braettata 81; niacrocarpa 530 
Scleropteris illinoieiisis 120 
SchombiirghHi lyonsii 105, 100 
Scopidariopsts bn r tea id is 0 
Scorptdiinn scorpioides 130 
Section S(*dastrinn of Srdiim 289 
Sedastrinn, section, of Scdiim 289 
Sedasiriini cliapalense 292; ebracteat iini 
290; glabrnm 291; He in si cyan inn 290; 
incdtum 292; pacliiisciise 295; Painteri 
290; Paliiuri 292; riibricaiile 290; tur¬ 
gid inn 291 

Sednni^ Section S(‘dastruin of 289 
Seditm barrancae 290; cliapalense 290- 
291; cbracteafvin 290, 291, 292; var. 
rnbricaiilc 291; glabrnm 290, 291, 292; 
Hcnislcyaninn 290, 295, 296; Hintonli 
290, 292, 290; incertnm 290, 292; lini- 
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folium 31; nevii 26, 30-32; nuttalli- 
anum 30-32; puehucemte 295; Painteri 
295; pvlehellum 26-32; ruhrieaule 290; 
temaUm 29, 225; vigilimoniiB 31 
Sedum pulchcllum^ polyploidy in 26, 261 
Senfibiera didyma 540 
Senocio denticiilatVH 524; fn^gens 515; in- 
tegcrrimus 477; Mngelii 225; warftce- 
wiczi'i 69 

HopHration of Erigeron from Conyza 629 
Seqtioia langsdorfli 136; aempervircnfi 336, 
337, 341 

Scquoiadendron giganteum 336, 337 
Sericoiheca argevtca 286; Bourseiri 282; 
concolor 283; discolor 278; dumoHa 281; 
fissa 285; francucana 279; gkibrescens 
284; microphylla 283; obovata 282; 
pachydisca 282; saxicola 282; Schaff- 
neri 281; vHvtina 286 
Serratia plymouthrnms 4 
Setaria luUscens 36 

Shoot apices of Athrofaxis and Taiwania 
335 

Shortia galacifolia 515 
Sisyrinchinm micranthum 535 
STJPP, a. W., and R. F. I)ALfBENMlRE: 
Plant succession on talus slopes in 
northern Idaho as influenced by slope 
exposure 473 

Sniitax hiftpida 222; Walieri 486 
Smith, A. C.; Studies on Pacific Island 
Plants—III. New and noteworthy flow¬ 
ering plants from Fiji 533 
Smith, Harriet E.: Polyi»loidy in Sedum 
pulchellum —IT. Stomatal size and fre¬ 
quency 261 

Solanum Dulcamara 515 
Solenostigma paniculatum 536 
Solidago althnima 395; axillaris 225; Cnr- 
iisii 222-224 

Some fossil fungi from Minnesota 126 
Sorb us occidfntalis 475 
Sparganium curycarpum 127 
Spergularia marina 388; salina 388 
Sphacralceay a new species of from Mex¬ 
ico 531 

Sphaeralcea emoryi variaMlis 532; pro- 
cera 531, 532 
Sphaerella lacustris 559 
Spinacia olcracpa^ C-mitosis in 457-465 
Spiraea argentea 275, 285, 286; ariaefolia 
276, 278, 289; Bmirsicri 282; discolor 
275, 278, 279; var. ariaefolia 278; var. 
dumosa 281; var. glabresccns 284; 
douglasii 236; dumosa 279, 281; fissa 
284; Lindleyana 275; mcxicana 288 
Sporotrichon sclienM 376 


Stachyuriis, the genus 615-628 
Stachyurns cMnensis 507, 616, 618, 619, 
625-628; var. cuspidatus 618, 619, 627, 
628; var. latus 618, 619, 627, 628; ror- 
datulus 617, 619, 621; Dnclouxii 625; 
Esquirolii 618; japomeus 624; hima- 
laicvs 615-619, 621-623, 627; lancifolius 
617, 619, 623; macrocarpus 617, 619, 
629; var. priinifolius 617, 624; Matsu- 
zaJeii 617, 619, 623, 628; Nishimura 
624; obovatUS 615, 617, 619, 620; ovaW 
folius 618, 628; praecox 615-617, 619, 
622, 625, 626, 628; retusns 618, 619, 
627; salicifolius 617, 619, 620; Si gey- 
osii 622; yunnanensis 505, 507, 615, 
617-620; var. obovata 620; var. pedicvl- 
latus 617-619 , 

Statice limonium 530; sinuata 530; spi- 
catum 529, 530 

Status of certain anomalous native crab- 
apples in eastern United States 418 
Status of Distichhs dentata 53 
Stellaria holstea 233 
Stcnaciis speeiosa 268 
Sticta pulmonaria 147 
Structure and development of the shoot 
apex of Ephedra altissi^na Desf. 15 
Studies on Pacific Island plants—III. 
New and noteworthy flowering ]>lantB 
from Fiji 533 

Supplementary notes on American Meni- 
Hpermaceae—Ill 400 

Su])])lementary notes on the American 
species of Erythrina —II 633 
Svida aliernifolia 221 
Swartsia moniana 130, 134 
Symplocas iinetoria 515 
Syndesmon thalictroides 225 

Taenidia iniegerrima 225 
Taiwania cryptomerioides 337-347 
Tahnum paniculatum 537; patens 537; 

triavgulare 68 
Tamarix pentandra 514 
Taraxacum kok-saghyZf Macrosjiorogenesis, 
fertilization and early embryology of 
164 

Taraxacum kok-saghyz 164-172; officinale 
164 

Tauschia Ehrenbcrgii 58; Johnstoniana 
‘ 58; Stricklandi 58; texana 58 
Taxodium distichum 20, 23, 226, 336, 485, 
486; dubium 226 

Taxonomic revision of the genus ITolodis- 
evs (Rosaceae) 275 

Taxonomy of the monogeneric tribe Elva- 
sioae (Ochnaceae) 42 
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Tefitoxicum inopinaium 402 
The tertiary character of the cove hard¬ 
wood forests of the Great 8inoky Moun¬ 
tains National Park 213 
Tciturnia glabella 273; var. subdiscotdea 
274 

Thaltrfrum (hoicum 225 
Thamnolia vermirularis 148 
Thelgpieris palustria 486 
Thcobroma Cacao 514 
Theophraata Jnssicui 515 
Thiaininr, Relation of certain fungi to 190 
Thielavia braaicola 244 
Thomson, John W., .Ir. : Plant succession 
on abandoned fields in the central Wis¬ 
consin sand j)lain area 34 
Thuja hctcrophylla 240, 241; plicata 237 
Tiarclla conhfolia 222, 224 
Txha amcnenna 226; jackftoniana 226; 

nvglccta 220, 221; tomentotia 534 
Tillandftia usncoidcs 486 
Timonius kajewskii 393; smiihii 393 
Tium Drummondw 433; racemosum 433; 
palans 433 

Toridoptiis dnthla 374; molhschiana 374; 

fipharrica 374, 375 
Tovara vtrgirtiana 224 
Tracy Elliot TIazen 559 
Trichophyton aouinmaium 376; dinciddcH 
376; favi forme 376; mentagrophyics 
376; rubrvm 376; uidphureum 376; 
riolacciim 376 

Trichothyrites pleistocaenica 133, 135, 
137 

TrichoraJcsia cancficcns 46 
Trdlium erect urn var. album 224; grandi- 
florum 225 

Trinomial tvj)icus, What is the.'—1 31(); 
IT 406 

Tripsacnm dadyloules 470 
Tnticum vidgare 384 
Tntonia crocosmiaeflora 535 
Trolhus laxufi 513 

Tsuga canadfusm 220, 221 ; heicfophylUi 
236 

TuUpastrum acuminatum 221 
Two new aj)ecie8 of Hypericum from 
(\)lombia 174 
Typha latifolia 485, 486 
Typicus, What is the trinomial?—1 310; 
IT 406 

Vlmus alaia 226; hasicordata 226 
XTmbelliferae, New North American—TI 
58 

Vniola diutichophylla 649; manfima^ 649; 
palmeri 649; apical a 649; atrictn 638, 
645, 649 


Vraria lagopodxoidea 523 
Credo cenchrxcola 527; cissicola 527; 
colubrinae 79; digitariaecola 524; en- 
tandophragmae 527; eragroatidicola 
528; erythrinae 79; eulaliae-fulvae 529; 
flcxna 79; kigeziensis 527; machaerii 
79; machaeriicola 79; melinxdia 528; 
mlra 528; morobeana 528, 529; mxiehlen’ 
beckiae 80; obnixa 80; obvoluta 80; 
puailla 79; quichensis 80; rctasckiac 
79; rottbacilli .528 

Uromyces calopogonii 80, 81; comedena 
526; cougiienaia 530; floralia 530; goya^ 
zcnsia 530; hobsoni 526; Unionxi 530; 
natrassil 529, 530; pustulaiua 525, 530; 
rhodesicus 530; sclrrxae 81; slat ices- 
mucronatae 530 
Uropyxis dlphysae 81 
Urtieaatrum divaricatum 222-224 
Usnea barbata 142; ceratina 142; d iff rat a 
142; japonxea 146 

Vtncxdaria hiflora 486; bryophylla 252; 
cornuta 252, 259; gxbba 486; montana 
252, 256-259 

Vaccxnium arboreum 226; corymbosum 
515 

Vagtxeta raa nuiaa 225 
Validallium Iricoccum 224 
Vaaelia ginnqueloba 45 
Vaaeyoxjiloa midiinervosa 649 
Veratrum I'xride 224 

I'ibuxmum lantauouJes 222; scabrellum 486 
Yiiih'OMKRsoN, Hilda: riiromoaomes of 
Astragalus 430 

Viola blanda 222, 224; eanadensia 92, 96, 
97, 100, 101, 103, 224; conspersa 102; 
cucullata 225; eriocarpa 225; haalata 
224; odorata 92, 95, 97—103; palleus 
225; papihonacea 93, 94, 96, 98-103; 
JRiviniana 102; rosirala 224; rotundi- 
folia 225; sororia 222, 224; striata 92, 
97—103; tricolor 94-103; \ar. florairen- 
sia 92; var. lutea 92 

Viola, Exi>eriments in the grafting of 
species in the genus 91 
Vitamin deficiencies of fifty yeasts and 
molds 372 

Vxtis aestivalis 222, 436; bicolor 436; 
labiusca 436; vuipina 436 

ITallia cxncrca 221 

Wakmke, TI. 1].: Macrosporogenesis, fer¬ 
tilization and early embryology of 
Tai'axacum kok-saghyz 164 
Wedelia acapidcensris 76, 68; fllipes 76 
What is the trinomial typicus?—I 310; 
IT 406 
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Wheat gem oil, A new constituent in 599 
WiTKTJS, E. B., AND C. A. Beboer: a 
cytological study of c-mitosis in the 
polysomotic plant Spinacia oleracm, 
with comparative observations on Ah 
Hum cepa 457 

Wolf, Pred T. : Microbiology of the upper 
air 1 

Wolffiella floridana 485, 486 
Woodivardia oireolata 486; virginica 486 

Xenatrnm nmhellatum 225 
Xeropiiyllum tenax 475, 477, 478 


Xylophaco» Casei 433 

Xylopla padflca 538, 539; viti^nsis 539 

Xyloaoma Archboldianum 546; Birpanii 

. 545, 546 

Xyris commvnis 486 

ytmcKER, T. G,: Nomenclatural changes 
in the genus Cmcuia and notes on some 
American si)ecies 61 

ZaniehelUa paluatris 127 
Zea mays 449-456 
Zizia Behbii 225 
Zygopeialum maeJcayii 112 
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